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LETTER 


Dr  BREWSTER  moH  Mr  WATT. 


Deae  Sib, 

At  yonr  requat,  I  hare  carefully  perused 
my  late  excdlent  fiiend  J>t  Robisoh's  articles  "  Steam" 
and  *<  Steam-E^o^ei,''  in  the  EDcyclopaedia  Britamiica, 
and  have  made  remarks  upon  them  in  such  places  whcr^ 
either  from  the  want  of  proper  information,  or  Grom  too 
greataretiance  on  the  powers  ofhis  extraordinary  memory^  • 
at  a  period  when  it  probably  had  been  wcaluned  by  a  ]<»ig 
state  of  acatc  pain,  and  by  the  remedies  to  which  he  was 
obliged  to  have  recourse,  he  had  been  led  into  mistakes  in 
regifd  to  lacts,  and  also  in  some  places  where  his  deduc- 
tions have  appeared  to  me  to  be  erroneous. 

There  had  been  but  very  little  interchange  of  letters 
between  na  for  some  years  previous  to  his  writing  those 
artides,  and  oar  opportmihioa  of  meeting  had  been  rare, 
and  of  short  dntatiao,  and  not  occupied  by  philosophic^ 


IV 

discussions.  Had  I  been  apprised  of  his  designi  I  might 
at  least  have  preTented  the  errors  respecting  the  fafcts  in 
which  I  was  concerned ;  but,  upon  the  whole,  it  is  more 
surprising  to  me  that  his  recollection  should  have  served 
him  so  well  in  narrating  transactions  of  80  years  standing, 
than  that  it  should  sometimes  have  led  him  astray.  If  I 
had  not  retained  some  memorandums  made  at  the  time  o^ 
or  soon  after,  their  occurrence,  I  should  myself  have  felt 
great  difficulty  in  recalling  to  mind  the  particulars  at  the 
period  when  I  first  perused  those  articles,  which  was  some 
time  after  their  publication.  I  had  about  that  period  an 
opportunity  of  personally  stating  to  Dr  Robison  some  re- 
marks upon  them,  of  which  he  availed  himself  to  a  small 
extent  in  the  Supplement  to  the  Encyclopaedia  Britannica, 
and  probably  would  have  done  so  still  more,  had  he  been 
called  upon  to  remould  these  articles. 

I  have  endeavoured  to  throw  most  of  my  corrections 
into  the  form  of  notes ;  but  in  some  places  I  judged  it 
necessary  to  alter  the  text;  which  alterations  I  have  mark- 
ed to  be  printed  in  Italics,  that  they  may  be  readily  distin* 
guished  from  the  original.  In  a  few  places  I  have  cancelled 
part  of  the  text  without  any  substitution,  none  appear- 
ing to  me  to  be  required.  In  others  I  have  left  part  of  the 
reasoning  unaltered  which  I  did  not  concur  in ;  as  in  mere 
matters  of  opinion,  where  no  manifest  error  was  involved^ 
I  did ,  not  conceive  it  proper  to  introduce  my  own  specu- 
lations. 

As  the  subjects  of  Steam^  and  Steam-Engines,  had  been 
almost  dismissed  from  my  mind  for  many  years  previous 
to  my  undertaking  this  revision,  I  have  called  in  the  aid  of 
my  friend  Mr  John  Southern,  and  of  my  son,  whose 
daily  avocations  in  the  manufacture  of  steam-engines,  ren- 
der them  more  conversant  with  some  points,  to  direct  my 
attention  to  them ;  and  of  the  former,  to  examine  such  of 
the  algebraic  formulae  as  appeared  e38ential,  an  office  for 


whtdi  he  is  mnch  better  qualified  than  myself;  and  he  has 
accordingly  marked  those  formolas  with  his  initials. 

I  have  not  attempted  to  render  Dr  Robison's  memoir 
a  complete  history  of  the  Steam-Engine ;  nor  have  I  even 
given  a  detailed  account  of  my  own  improvements  upon  it* 
The  former  would  have  been  an  undertaking  beyond  my 
present  powers^  and  the  latter  must  much  have  exceeded 
the  limits  of  a  commentary  upon  my  friend's  work.  I  have 
therefore  confined  myself  to  correcting  such  parts  as  ap- 
peared necessary,  and  to  adding  such  matter  as  he  had  not 
an  opportunity  of  knowing. 

Here  it  was  my  intention  to  have  closed  this  letter ;  but 
the  representations  of  friends,  whose  opinions  I  highly 
value,  induce  me  to  avail  myself  of  this  opportunity  of 
noticing  an  error  into  which  not  only  Dr  Robison,  but 
apparently  also  Dr  Black,  has  fallen,  in  relation  to  the 
origin  of  my  improvements  upon  the  Steam-Engine,  and 
which  not  having  been  publicly  controverted  by  mc,  has^ 
I  am  informed,  been  adopted  by  almost  every  subsequent 
writer  upon  the  subject  of  Latent  Heat 

Dr  RoBisoN,  in  the  article  Steam-Engine,  after  pass- 
ing an  encomium  upon  me,  dictated  by  the  partiality  of . 
friendship,  qualifies  me  as  the  **  pupil  and  intimate  friend 
of  Dr  Black  ;"  a  description  which,  not  being  there  ac- 
companied with  any  inference,  did  not  particularly  strike 
me  at  th£  time  of  its  first  perusal.  He  afterwards,  in  the 
dedication  to  me  of  his  edition  of  Dr  Black's  Lectures 
upon  Chemistry,  goes  the  length  of  supposing  me  to  have 
professed  to  owe  my  improvements  upon  the  Steam- En- 
gine to  the  instructions  and  information  I  had  received 
from  that  gentleman,  which  certainly  was  a  misapprehen- 
sion, as,  though  I  have  always  felt  and  acknowledged  my 
obUgations  to  him  for  the  information  I  had  received  firom 
}as  conversation,  and  particularly  for  the  knowledge  of 
|he  doctrine  of  Latent  Heat,  I  nevet  did,  nor  could,  oon? 
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aider  my  improTemeiits  at  or^inating  in  thoM  comma- 
nications.  He  is  also  mistaken  in  bis  assertion^  p«  8  of 
the  Pre&ce  to  tbe  above  work,  that  ^  I  had  attended  two 
«<  courses  of  the  Doctor's  Lectures;"*  for,  unfortunately 
for  me,  the  necessary  avocations  of  my  bumness  prevented 
me  from  attending  his  or  any  other  lectures  at  College ; 
and  as  Dr  Robison  was  himself  absent  from  Scotland  for 
four  years  at  the  period  referred  to,  he  must  have  been 
misled  by  erroneous  information.  In  page  184»  of  the 
Lectures,  Dr  Black  says,  <<  I  have  the  pleasure  of  think- 
*^  ing  that  the  knowledge  we  have  acquired  concerning 
'*  the  nature  of  elastic  vapours^  in  consequence  of  my  for- 
**  tunate  bbscrvation  of  what  happms  in  its  formation  and 
**  condensation,  has  contributed  in  no  inconsiderable  d^ 
*^  gree  to  the  public  good^  by  auggesting  to  my  friend  Mr 
<<  Watt  of  Birmingham,  then  of  Glasgow,  his  improve- 
**  ment  on  this  useful  engine,''  (meaning  the  steam-engine^ 
of  which  he  is  then  speaking).  There  can  be  no  doubt, 
from  what  follows  in  his  description  of  the  engine,  and 
from  the  very  honourable  mention  which  he  has  made  of 
me  in  various  parts  of  his  Lectures,  that  he  did  not  mean 
to  lessen  any  merit  that  might  attach  to  me  as  an  inventor; 
but^  on  the  contrary^  he  always  was  disposed  to  give 
me  fuUy  as  much  praise  as  I  deserved.  And  were  that 
otherwise  doubtful,  it  would^  I  think,  be  evident  from  the 
following  quotation  from  a  letter  of  his  to  me,  dated  Idth 
February,  ]  783,  where^  speaking  of  an  intended  publio^ 
tion  by  a  friend  of  mine  on  subjects  connected  with  the 
history  of  steam,  he  says,  <<  I  think  it  is  verj  proper  for 
^'  you  to  give  him  a  short  account  of  your  discoveries  and 
f<  speculations,  and  particularly  to  assert  clearly  and  ftdbf 


*  RepMtei  moi«  ia  detetl,  (with  the  Mune  erroneoas  inferences,  in  bit 
iipte,  vol.  I.  p.  «04. 
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^^gom  9ok  rigki  to  tie  hmomr  rf  ike  imprfipempmU  of  He 
^  Sieam^Etigimef^  and  in  m  written  teedmonial  which  he 
Tery  kindly  gave  on  the  ocriMWw  of  a  trial  at  law  ifgainl 
a  fincy  of  my  invention  in  1790-79  sfter  |^>ing  a  ihoit 
aooonnt  of  the  infenlioo^  be  adds^  **  iir  f¥aii  wmiktrnk 
^  mvewtor  if  ike  capikd  imprcfeemmi  mmi  conifwamce  akom 
^  mcmtio9cdJ' 

Under  this  oenrietion  of  hb  candowr  and  fricndihim  it 
is  feiy  painfid  to  me  to  oontroreit  any  asserdoo  or  opinion 
of  my  revered  friend ;  yet  in  the  present  case  I  find  it  ne- 
cessary to  say^  that  be  appears  to  me  to  have  fsUen  into  an 
error,  and  I  hope^  in  addition  to  my  assertioo,  lo  make 
that  appear  by  the  short  history  1  have  given  of  my  isTen- 
tioii  in  my  notes  upon  Dr  RoBison'a  essay*  as  well  as  by 
the  fidlowing  aoooont  of  the  state  of  my  knowledge  prerions 
to  my  receiving  any  explanation  of  the  doctrine  of  Latent 
Hea^  and  also  from  that  of  the  fiicts  which  principal^ 
gnided  me  in  the  invention. 

It  was  known  veiy  long  before  my  time»  that  steam  was 
ccmdensed  fay  coming  into  contact  with  cold  bodies,  and 
that  it  commonicated  heat  to  them*  Witness  the  common 
still,  &G.&C. 

It  was  known  by  some  eiqperiments  of  Dr  Cnixsir,  and 
others,  that  water  and  other  liquids  boiled  in  vacuo  at  very 
low  beats;  water  below  100^. 

It  was  known  to  some  philosophers,  that  the  capacity  or 
equilibrium  of  heat,  as  we  then  called  it^  was  much  smaller 
in  mercnry  and  tin  than  in  water. 

It  was  also  known,  that  evaporation  caused  the  cooling 
of  the  evaporating  liquid,  and  bodies  in  contact  with  it. 

I  had  myself  made  experiments  to  determine  the  follow- 
ing facts. 

Isif  Tbt  capacities  for  heat  of  iron,  copper,  and  some 
sorts  of  wood,  eonqiarativdiy  with  water.  Similar  experi- 
ments had  oho  saboDqaently  been  made  by  Dr  InviHXf  nn 
these  and  other  metals. 


Vlll 

^  The  bulk  of  steam  was  compared  with  that  of  waten 

5^  The  quantity  of  water  which  could  be  evaporated  itt 
a  certain  boiler  by  a  pound  of  coals. 

Ath^  The  elasticities  of  steam  at  various  temperatures 
greater  than  that  of  boiling  water,  and  an  approximation 
to  the  law  which  it  followed  at  other  temperatures. 

5th J  How  much  water,  in  the  form  of  steam^  was  requi- 
red every  stroke  by  a  small  Newcombk'0  engine,  with  a 
wooden  cylinder  six  inches  diameter^  and  twelve  inches  long 
in  the  stroke. 

6/A,  I  had  measured  the  quantity  of  cold  water  required 
in  every  stroke  to  condense  the  steam  in  that  cylinder,  so 
as  to  give  it  a  working  power  of  about  7  lb.  on  the  inch. 

Here  1  was  at  a  loss  to  understand  how  so  much  cold 
water  could  be  Seated  so  much  by  so  small  a  quantity  in  the 
form  of  steam,  and  applied  to  Dr  Black,  as  is  related  in 
the  short  history,  p.  116,  Note,  and  then  first  understood 
what  was  called  Latent  Heat. 

Bat  this  theory,  though  useful  in  determining  the  quan- 
tity of  injection  necessary  where  the  quantity  of  water  eva- 
porated by  the  boiler,  and  used  by  the  cylinder^  was  known, 
and  in  determining,  by  the  quantity  and  heat  of  the  hot  wa- 
ter emitted  by  Newcomen's  engines,  the  quantity  of  steam 
required  to  work  them,  did  not  lead  to  the  improvements  I 
afterwards  made  in  the  engine.  These  improvements  pro- 
ceeded upon  the  old-established  fact,  that  steam  was  con- 
densed by  the  contact  of  cold  bodies^  and  the  later  known 
on^^  that  water  boiled  in  vacuo  at  heats  below  100%  and 
pcmsequently  that  a  vacuum  could  not  be  obtained  unless 
the  cylinder  jiud  its  contents  were  cocked  every  stroke  to 
below  that  heat. 

These,  and  the  degree  of  knowledge  I  possessed  of  the 
elasticities  of  steam  at  various  heats,  were  the  principal 
things  it  was  necessary  for  me  to  consider  in  contriving  the 
p^w  engine.    Tl^ey  pointed  out  that^  to  avoid  useless  con- 


4attatioii5  tbe  Tend  in  wbUi  Ae  stctm'aeCad  qMB  tbepb- 
ton  ought  always  to  be  as  hot  as  the  steam  itself;  that  to 
obtain  a  proper  degree  of  exhaustion,  the  steam  must  be 
condensed  in  a  separate  ^essel^  which  might  be  cooled  to  as 
low  a  degree  as  was  necessary,  without  afiecdng  the  cjtuk- 
der ;  and  that  as  die  air  and  condensed  water  oonU  not  be 
blown  ooC  by  the  steam  as  in  Newcobcen's,  they  most  be 
extracted  by  a  pomp,  or  some  other  oontriTance ;  that,  in 
order  to  prevent  the  necessity  of  nsing  water  to  keep  the 
piston  air-tight,  and  also  to  prevent  the  air  from  cooling 
the  cylinder  dmring  the  descent  of  the  piston,  it  was  neces- 
sary to  employ  steam' to  act  upon  the  piston  in  phce  of  the 
atmosphete.  Lastly,  to  prevent  the  cylinder  from  being 
cooled  by  the  external  air,  it  was  proper  to  inclose  it  in  a 
case  containing  steam,  and  again  to  inclose  that  in  a  case  of 
wood,  or  of  some  other  substance  which  transmitted  heat 
slowly. 

Although  Dr  Black's  theory  of  latent  heat  did  not  mtg^ 
gat  my  improvements  on  the  steam-engine,  yet  the  know- 
ledge upon  Various  subjects  which  he  was  pleased  to  com- 
municate to  me,  and  the  correct  modes  of  reasoning,  and 
of  making  experiments  of  which  he  set  me  the  example^ 
certainly  conduced  very  much  to  facilitate  the  progress  of 
my  inventions ;  and  I  still  remember  with  respect  and  gra- 
titude the  notice  he  was  pleased  to  take  of  me  when  I  very 
little  merited  it,  and  which  continued  throughout  his  life. 

To  Dr  RoBisoN  I  am  also  bound  to  acknowledge  my  ob- 
ligations for  very  much  information  and  occasional  assist- 
ance in  my  pursuits,  and  above  all,  for  his  friendship, 
which  ended  only  with  his  life ;  a  friendship  which  induced 
him,  when  I  was  beset  with  an  host  of  foes,  to  come  to  Lon- 
don in  the  depth  of  winter,  and  appear  as  a  witness  for  me 
in  a  court  of  justice,  whilst  labouring  under  an  excessively 
painful  disorder,  which  ultimately  deprived  him  of  life.  To 
the  remembrance  of  that  friendship  is  principally  owing  my 


upoD  myself  the  olRce  of  his  oommentator  atmyad- 
Tanoed  age. 

M^y  1  request,  sir,  that  you  and  the  public  will  permit 
that  age  to  be  my  excuse  for  any  errors  I  may  haTe  com- 
mitted, and  for  any  deficiencies  in  the  performance  of  an 
office  which  at  no  period  would  have  been  congenial  to  my 
habits ;  and  allow  me  to  remain^  widi  esteem^ 

Your  most  obedient  humble  servant, 

JAMES  WATT. 

HSATBFICLD,  Msj  1814» 
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ON  STEAM. 


1.  Steam,  ia  the  name  given  in  our  langoage  to  Cbe  vi- 
sible moist  Tapour  which  lurises  from  all  bodies  which  con- 
tain juices  easily  expelled  from  them  by  heats  not  soffident 
for  their  combustion.  Thus  we  sayt  the  steam  of  boiling 
water,  of  malt,  of  a  tan-bed,  &c.  It  is  distinguished  from 
smoke  by  its  not  having  been  produced  by  combostionf 
by  not  containing  any  soot,  and  by  its  being  condensible 
by  cold  into  water,  oil,  inflammable  spirits,  or  liquids  com- 
posed of  these. 

2.  We  see  it  rise  in  great  abundance  from  bodies  when 
they  are  heated,  forming  a  white  doud,  which  difiuses  it- 
self and  disappears  at  no  trery  great  distance  from  the  body 
from  which  it  was  produced.  In  this  case  the  surrounding 
air  is  found  loaded  with  the  water  or  moisture  which  seems 
to  have  produced  it,  and  the  steam  seems  to  be  completely 
soluble  in  air,  as  salt  is  in  water,  composing,  while  thus 
united,  a  transparent  elastic  fluid. 

3.  But  in  order  to  its  appearance  in  the  form  of  aa 
opaque  white  doud,  the  mixture  with  or  dissemination  iu 
dr,  or  in  same  dadic  fluid  colder  than  iheff'f  seems  abso- 
Itttdy  neoenary.    If  a  tea-kettle  boOs  violently,  so  that 
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the  steam  is  formed  at  the  spout  in  great  abundance^  it 
may  be  observed,  that  the  visible  cloud  is  not  formed  at 
the  very  mouth  of  the  spout,  but  at  a  small  distance  be- 
fore it,  and  that  the  vapour  is  perfectly  transparent  at  its 
first  emission.  This  is  rendered  still  more  evident  by  fit- 
ting to  the  spout  of  the  tea-kettle  a  glass  pipe  of  any  length, 
and  of  as  large  a  diameter  as  we  please.  The  steam  is 
produced  as  copiously  as  without  this  pipe,  but  the  vapour 
is  transparent  through  the  whole  length  of  the  pipe.  Nay, 
if  this  pipe  communicate  with  a  glass  vessel  terminating 
in  another  pipe,  and  if  the  vessel  be  kept  sufficiently  hot* 
the  steam  will  be  as  abundantly  produced  at  the  mouth  of 
this  second  pipe  as  before,  and  the  vessel  will  be  quite 
transparent.  The  visibility  therefore  of  the  matter  which 
coi^titutes  the  steam,  is  an  accidental  or  extraneous  cir- 
cumstance, and  requires  the  admixture  with  air ;  yet  this 
quality  again  leaves  it  when  united  with  air  by  solution. 
it  appears  therefore  to  require  a  dissemination  in  the  air. 
The  appearances  are  quite  agreeable  to  this  notion:  for 
we  know  that  one  perfectly  transparent  body,  when  mi- 
nutely divided  and  diffused  among  the  parts  of  another 
transparent  body,  but  not  dissolved  in  it,  makes  a  mass 
which  is  visible.  Thus  oil  beaten  up  with  water  makes  a 
white  opaque  mass. 

4.  In  the  mean  time,  as  steam  is  produced,  the  water 
gradually  wastes  in  the  tea-kettle,  and  will  soon  be  totally 
expended,  if  we  continue  it  on  the  fire.  It  is  reasonable 
therefore  to  suppose,  that  this  steam  is  nothing  but  water 
changed  by  heat  into  an  aerial  or  elastic  form.  If  so,  wc 
should  expect  that  the  privation  of  this  heat  would  leave 
it  in  the  form  of  water  again.  Accordingly  this  is  fully 
verified  by  experiment ;  for  if  the  pipe  fitted  to  the  spout 
of  the  tea-kettle  be  surrounded  with  cold  water,  no  steam 
will  issue,  but  water  will  continually  trickle  from  it  in 
drops :  and  if  the  process  be  conducted  with  the  proper 
precautions,  the  water  which  we  thus  obtain  from  the 
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pipe  vriU  be  foond  equal  in  quantity  to  that  which  £iap- 
pean  from  the  tea-kettle. 

5.  This  is  evidently  the  common  process  for  distilk'ng; 
and  the  whole  appearances  may  be  explained  by  saying, 
that  the  water  is  converted  by  heat  into  an  elastic  vapour, 
and  that  this^  meeting  with  colder  air,  imparts  to  it  the 
heat  which  it  carried  off  as  it  arose  from  the  heated  water, 
and  being  deprived  of  its  heat,  it  is  again  water.  The 
particles  of  this  water  being  vastly  more  remote  from  each 
other  than  when  they  were  in  the  tea-kettle,  and  thus 
being  disseminated  in  the  air^  become  visible^  by  reflecting 
light  from  their  anterior  and  posterior  surfaces,  in  the 
same  manner  as  a  transparent  salt  becomes  visible  when 
reduced  to  a  fine  powder.  This  disseminated  wnter  being 
presented  to  the  air  in  a  very  extended  surface,  is  quickly 
dissolved  by  it,  as  pounded  sail  is  in  water^  and  again  be- 
comes a  transparent  fluid,  but  of  a  difierent  nature  from 
what  it  was  before,  being  no  longer  convertible  into  water 
by  depriving  it  of  its  heat. 

6.  Accordingly  this  opinion,  or  something  very  like  it, 
has  been  long  entertained.    M uschenbrocck  expressly  says, 
that  the  water  in  the  form  of  vapour  carries  oflT  with  it  all 
the  heat  which  is  continually  thrown  in  by  the  fuel.     Bnt 
Dr  Black  was  the  first  who  attended  minutely  to  the  whole 
phenomena,  and  enabled  us  to  form  distinct  notions  of  the 
subject.     He  had  discovered,  that  it  was  not  suflicient  for 
con?eriing  ice  into  water  that  it  be  raised  to  that  tempera- 
ture in  which  it  can  no  longer  remain  in  the  form  of  ice. 
A  piece  of  ice  of  the  temperature  32°  of  Fahrenheit's  ther- 
mometer, will  remain  a  very  long  while  in  air  of  the  tem- 
perature 50«  before  it  be  all  melted,  remaining  all  the  while 
oJ  the  temperature  32®,  and  therefore  continually  absorb- 
ing heat  from  the  surrounding  air.     By  comparing  the 
time  in  which  the  ice  had  ite  temperature  changed  from 
28«  to  32«,  with  the  subsequent  time  of  iu  complete  liq«e- 
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fiictioDy  be  found  that  it  absorbed  about  ISO  or  140  Umet 
as  much  heat  as  would  raise  its  temperature  one  degree ; 
and  he  found  that  one  pound  of  ioe^  when  mixed  with  one 
pound  of  water  140  degrees  warmer,  was  just  melted,  bat 
without  rising  in  its  temperature  above  32^.  Hence  he 
justly  concluded,  that  water  diflfered  from  ice  of  the  same 
temperature  by  containing,  as  a  constituent  ingredient,  8 
great  quantity  of  fire^  or  of  the  cause  of  heat^'  united  with 
it  in  such  a  way  as  not  to  quit  it  for  another  colder  body, 
%ad  therefore  so  as  not  to  go  into  the  liquor  of  the  thermo- 
meter and  expand  it.  Considered  therefore  as  the  possMe 
cause  of  heat,  it  was  latent,  which  Dr  Black  expressed  by 
the  abbreviated  term,  ultent  heat.  If  any  more  heat 
was  added  to  the  water  it  was  not  latent,  but  would  readUy" 
quit  it  for  the  thermometer,  and  by  expanding  the  thermo- 
meter^ would  show  what  is  the  degree  of  this  redtrndani 
•  heat,  while  fluidity  alone  is  the  indication  of  the  C9mbmtd 
and  latent  heat. 

Dr  Blacky  in  like  manner,  concluded,  that  in  order  ty 
convert  water  into  an  elastic  vapour,  it  was  necessary,  not 
only  to  increase  its  uncombined  heat  till  its  temperature  it 
212%  in.which  state  it  is  just  ready  to  become  elastic,  but 
also  to  pour  into  it  a  great  quantity  of  fire,  or  the  cause  of 
lieat,  which  combines  with  every  particle  of  it,  so  as  to 
make  it  repel,  or  to  recede  from,  its  adjoining  particles, 
and  thus  to  make  it  a  particle  of  an  elastic  fluid.*  He  sup- 
posed that  this  additional  heat  might  be  combined  with  it 
so  as  not  to  quit  it  for  the  thermometer ;  and  therefore  so  as 
to  be  in  a  latent  state,  having  elastic  fluidity  for  its  sole  in- 
dication. 

7.  This  .opinion  was  very  consistent  with  the  phenome- 
non of  boiling  off*  a  quantity  of  water.     The  application  of 

*  See  Dr  Black's  own  accouat  of  thii  matter  in  hit  Lectures,  published 
by  Dr  Robiion. 
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htBi  to  it  eaiiMt  it  gradoany  to  riie  in  itt  temperatim  131 
it  reaches  the  temperature  212*.  It  then  begins  to  send 
off  dastic  Tapour^  and  is  slowly  esq>ended  in  this  way^ 
ocmtinning  all  the  while  of  the  same  temperature.  The 
steam  also  is  of  no  higher  temperature^  as  appears  by 
holding  a  thermometer  in  it  We  must  oondnde  Aat  this 
steam  contains  all  the  heat  which  is  expended  in  its  for- 
mation. Accordingly  the  scalding  power  of  steam  is  wdl 
inown ;  but  it  is  extrepnely  diiBcuk  to  obtain  precise 
measures  <^  the  quanti^  of  heat  absorbed  by  water  dn« 
ring  its  conversion  into  steam.  Dr  Black  endeaToured  to 
ascertain  this  point,  by  comparing  the  time  of  raising  its 
temperature  a  certain  number  of  degrees  with  the  time  of 
boiling  it  off  by  the  same  external  heat ;  and  he  found 
that  the  heat  latent  in  steam,  which  balanced  the  pressure 
of  the  atmosphere^  was  not  less  than  800  dq^rees.  He 
abo  directed  Dr  Irvine  of  Glasgow  to  the  form  of  an  ex- 
periment for  measuring  the  heat  actually  extricated  from 
such  steam  during  its  condensation  in  the  refrigeratory  of 
a  still,  which  was  found  to  be  not  less  than  774  degrees. 
Dr  Blade  was  afterwards  informed  by  Mr  Watt,  that  a 
course  of  experiments,  which  he  had  made  in  each  of  these 
ways  with  great  preciuon,  in  1781,*  determined  the  latent 


*  "  The  following  is  the  accoimt  of  mj  experiments  on  latent  heats,  made 
IB  Febrnwj  and  March  1781. 

*«  Apipe  of  copper  5>8ihs  of  an  Inch  diameter  inside,  l-50th  of  an  inch  thick^ 
and  5  feet  long,  having  3  inches  of  one  of  its  ends  bent  downwardly  was  fixed 
ste«m>tig&t  on  the  spoot  of  a  tea-kettle,  from  which  the  pipe  inclined  apwardsj 
so  that  the  bent  end  was  about  two  feet  higher  than  the  spoat  of  the  kettle  ; 
and  a  cork  perforated  with  a  hole  of  aboat  2-lOths  of  an  inch  diameter,  kept 
•pen  bj  a  bit  of  quill,  was  fixed  in  the  opening  of  the  bent  end. 

»  The  tea-kettle  was  filled  with  water  half  way  np  the  entry  of  the  spout  ^ 
the  lid  was  fixed  on  tight  with  some  oatmeal  dough,  and  held  down  by  a 
piece  of  wood  reaching  vp  to  the  handle.  A  tin  pan,  4  inches  deep  and  6 
inches  diameter,  had  ti  pounds  avoirdapob  of  water  pat  Into  it#  "f^^^ 
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heat  of  steam  under  the  ordinary  preasure  of  the  atmoi* 
phere  to  be  about  94*8  or  950  degrees.  Mr  WaU  also 
&und  that  water  would  distil  iu  vacuo  when  of  the  tem* 


£lled  it  nearly  to  Sj^  inches  deep.  The  water  was  weighed  very  acc«rattlj  { 
the  tin  pan  and  a  disk  of  strong  paper  (oiled  with  Unseed  oil  and  dried  ia 
a  stove>)  fitted  to  its  inside,  being  first  counterpoised  when  they  were  quite 
dry. 

"  The  pan  and  water  were  plactd  upon  several  folds  of  flannel  on  a  standi 
and  the  extremity  of  the  cork  in  the  beot  end  of  the  pipe  was  immersed  in 
the  water.  The  water  in  the  kettle  was  made  to  boil  for  some  time  before  the 
^nd  of  the  pipe  was  immersed  in  the  cold  water  in  the  pan,  which  was  not 
done  ontil  it  was  observed  that  no  water  dropj>ed  from  it,  but  that  alt  ihe  con- 
di;niedpart  of  the  steam  returned  by  the  inclined  tube  to  the  tea*kdtle. 

<'  When  the  end  ot  the  tube  was  immersed  in  th<>  cold  water  In  the  paOy 
the  steam  issuing  from  ir  was  condensed  with  a  crackling  noise,  and  began 
to  heat  the  water  in  contact  witli  it.  The  water  being  constantly  stirred 
with  a  circular  motion,  the  heat  was  thereby  diffused  equably  throoghout 
the  whole,  and  the  experiment  was  continued  until  the  water  had  acquired 
the  heat  of  from  70°  to  90*^,  which  happened  generally  in  from  4  to  6  mi- 
nutes. Immediately  after  the  thermometer  had  shewn  what  the  heat  was, 
which  wai  in  less  than  half  a  minute,  the  water  was  covered  by  the  disk  of 
ojied  paper,  to  prevent  evaporation  9  which  would  otherwise  have  lessened 
its  weight  during  the  operation  of  weighing.  The  thermometer  employed 
became  stationary  in  about  10  seconds. 

"  When  the  experiments  were  finished,  tlic  tin  pan,  made  quite  dry, 
#as  set  in  a  room  where  the  air  wis  about  40°,  and  stood  there  for  half  an 
hour,  when  it  was  thought  to  have  acquired  the  heat  ol  the  place,  two 
pounds  of  water  at  76°  wera  tlien  poured  into  it,  and  the  heat  was  found  to 
be  754°. 

'*  Then  for  every  SSJ**  with  two  pounds  of  water,  or  for  every  44°  with  SJ 
pound  of  water,  half  a  degree  must  be  allowed  for  the  heat  absorbed  by  the 
pan. 

"  The  heat  of  the  room,  when  the  experiments  were  made,  was  generally 
about  56°. 

"  Eleven  experiments  were  made  in  the  foregoing  manner,  from  which  the 
latent  heat  was  calculated  according  to  the  following  example. 


ExpfiRiMEMT  I.  February  S3,  1781. 

"  The  beat  of  the  water  in  the  pan,  on  beginning  the  experiment,  was 
43.5^.  When  the  experiment  was  ended,  the  heat  of  that  water  was  d9.5« 
xonlcquenily  it  had  gained  46°  from  the  steam  it  had  condensed.    The 


pentDre  70^.*  uid  tbtt  in  this  case  tie  laleat  btat  o^  Ou 
tttam  apptared  to  be  about  VXHi",  ami  toae  otAer  experiwttth 
Bude  him  suppose  that  the  sum  of  the  sensible  and  latent 


«cighi  of  the  wain  so  comaeDcing  tha  eipciiBtnt.  vmt  SJ  pouadi  iTdirda- 
poit,  or  t7J00  gniai ;  after  the  expeiimenr,  in  wctghl  tat  lO.'-'Cd  );''■'■>*> 
conwqawtlj  it  bid  gtiued  760  givu  liiia  llic  cuadeuicd  iltam.  I'.us 
mubipljiiig  17J00  gruni  b;  16^  tlic  trat  received  tram  IlK  coodeocd 
iteui,  uid  O.S°  the  beat  atn-nbed  by  ihe  pan,  »=  46'.3,  oe  bate  S.loT.JJO'. 
whicb,  diiided  b;  760  graini,  the  i>ti~bi  •(  lh<  waiei  nhicb  in  ilie  tt^ie  ui 
ileau  commuuicated  l!ie  beat,  bc  hue  1070'' ;  to  »hicli  hc  u;itl  2tiJ  UiC 
heat  rebioed,  being  that  ot  the  iniitaie,  ^  89°.5.  ohich  ptucucri  Itj!'  .j. 
ailbe  iDm  of  tbe  tcaiible  and  latnil  lieal  of  ilie  ^leain  ;  anJ  desucl.iij  Hi  , 
the  •entible  heat,  wc  Uaie  lUt  latent  heat  9i7.S. 

•'  The  leinlt*  and  olhci  piniculan  of  t!ie  eleven  eipcri pruts  wWd  and 
calcalated  in  the  tame  naimci,  ate  ih;«B  i:i  l!ie  iuih^'m  latili-. 
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"  Adding  logclliec  tbr  lumi  in  Ibe  S'.h  calumii,  and  diri 
OU'^.S  Tot  the  BTemge,  but  tlic  9d  aiid  II'li  eipetiiDfiil 
tmaller  reMtt  than  an;  of  the  olhen,  r.ppcat  id  me  to  be 
if  lejeded,  will  give  949^.9  for  the  avctaBC. 
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heats  is  a  constant  quantity.    This  is  a  curious  and  not  an 
improbable  circumstance ;  but  we  have  no  information  of 


'<  But  there  being  aereral  caoses  whicli  affect  the  resoltt  of  these  experi* 
ments,  and  which  for  the  most  part  tend  to  gi?e  the  latent  heat  rather  less 
than  what  it  probably  it,  we  shall  not  err  in  excess  by  calling  the  latent  heat 
960».    W.« 

"  Not  being  satisfied  with  the  experiments  I  had  tried  apon  the  latent  heat 
of  distillation  in  vacno  at  Glasgow  in  1765,  which  were  n»de  in  a  hasty 
manner,  I  made  other  experiments  in  178S«  the  result  of  which  still  did  not 
prove  satisfactory.  I  shall,  howerer,  give  a  short  account  of  the  apparatus, 
ami  of  the  only  experiments  of  which  I  hare  retained  minutes,  hoping  it  may 
excite  some  person  to  ascertain  the  matter  more  accurately. 

''  A  small  still 
A,  surrounded 
by  a  balneum, 
was  nade  of  tin 
plate,  in  the 
form  annexed, 
which  communi- 
cated bj  a  pipe 
with  the  two 
doable  cones  B 
and  C,  each  of 
which  had  a  very 
small  opening  in 

its  lower  apex,  shut  air-tight  by  a  brass  plug.  There  was  also  an  opening* 
•hut  in  the  same  manner,  in  the  tube  at  D.  The  conical  mouth  of  the  still 
at  A  was  shut  by  a  good  cork. 

*'  A  pint  of  water  was  poured  into  the  inside  vessel,  and  as  much  into 
the  outside  one.  The  whole  was  then  set  upon  a  chafing  dish  and  made  to 
boil.  The  steam  was  allowed  to  issue  at  B  and  C  until  it  was  supposed 
that  all  the  air  was  extruded.  The  aperture  C  was  then  shut,  and  just 
immersed  in  a  vessel  of  water,  to  prevent  the  air  from  entering.  The 
steam  was  allowed  to  issue  some  time  longer  at  B,  and  it  was  also  shut, 
and  immediately  immersed  to  a  small  depth  in  water.  Cold  water  was 
then  poured  into  the  balpeum,  so  as  to  cover  the  orifice  and  its  cork.  A 
degree  of  exhaustion  was  instantly  produced  in  the  internal  vessel,  end  in 
the  two  double  cones  communicating  with  it.    The  double  cone  B  was  then 


*  "  In  1803  Mr  Southern  examined  with  great  care  the  latent  heat  of 
•team  at  tlie  temperatures  of  ti9°,  270^,  ^nd  t95P,  and  after  making  the  due 
corrections,  found  it  to  be  942^,  942^,  and  950°;  for  tha'particulars  of  which, 
I  refer  to  his  own  account  of  those  experiments,  in  a  letter  to  me,  which  I 
kavA  pUced  at  this  end  of  my  remarks  on  Dr  Robison*s  oi tides." 
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the  (Murftcalan  of  these  ezperiments.    The  condiuion  eti* 
dently  presopposes  a  knowledge  of  that  particular  temper- 


wbolljr  immened  in  s  tin  ptn  6  inchci  deep,  and  8|  incbei  diuneter,  fiUed 
with  cold  water  to  within  an  inch  of  its  month.  This  water  weiglied  150  ot. 
6  dr.  40  gr.  trojr  weighty  or  6t800  grains.  Its  heat  at  the  beginning  of  the  ex* 
per^^nent  was  5S^  (saj  51^5).  When  it  was  supposed  a  sufficient  qaantitj 
had  distilled  into  the  receiver  B«  the  heat  of  the  water  in  the  refrigeratory  was 
6^^,  conteqoentlj  had  increased  9^  +  (saj  9^^  The  plog  at  D  was  with. 
dniwn«  and  the  air  admitted.  The  refrigeratory  was  rrmoTed,  and  the 
doable  cone  B  being  wi|>ed  dry«  its  plug  was  withdrawn^  and  the  water  it 
contained  let  out,  its  heat  examined,  and  then  weighed.  The  heat  was  6^^, 
and  its  weight  was  1  os.  and  54  gr.,  or  534  gr,,  to  which  6  gr.  were  added  by 
estimation,  for  water  adhering  to  the  inside  of  the  rone^  in  all  540  gr.  The 
heat  of  the  water  iu  the  balneum  at  the  beginning  of  the  experiment  was  134^, 
and  at  the  end  158^;  consequently  at  the  latter  pviod  about  one-third  part 
of  air,  or  other  elastic  Yajwnr,  remafaiad  in  the  still  and  receiTer^  The  dnra- 
tioo  of  the  experiment  was  9  minutes.  The  heat  of  the  chafing  dish  was  pre- 
sented from  affecting  the  refrigeratory  by  a  screen  of  bheks.  The  heat  ef 
the  air  in  the  room  was  about  68^. 

"  The  double  cone  B  weighed  1000  graini^  and  as  it  was  of  154^  of  heat 
at  the  beginning,  and  was  cooled  to  6^  by  tbe  refrigeratory,  it  lost  7S^.  Its 
specific  grarity  was  probably  about  7§  times  that  of  water,  and  consequent- 
ly iu  bulk  that  of  -i^  a  134.6  grains  of  water,  and  its  capacity  for  beat 
being  about  }  of  that  of  the  same  bulk  of  water,  it  would  contain  the  same 
quantity  of  heat  as  about  101  grains  of  water ;  and  this  heat  not  being  com- 
municated by  the  condensed  steam,  contained  in  the  cone  at  the  end  of  the 
operation,  is  to  be  deducted  from  the  heat  acquired  by  the  water  in  the  re* 
irigeratory,  or,  which  is  the  same  thing,  101  grains  are  to  be  deducted  from 
its  weight. 
'^  Tbe  result  of  the  experiment  may  be  stated  as  follows : 
'*  The  weight  of  the  water  in  the  refrigeratory  62800  grains 

Deduct  101  grains  as  the  equivalent  for  the  bulk  of  the  cone  101 


Remainder 
Add  tbe  heat  absorbed  by  the  refrigeratory  which  was  of  tin 
plate,  and  weighed  24|  os* ;  but  for  the  wire  round  its  mouth, 
and  other  paru  n6t  in  contact  with  the  water,  I  allow  4|  ox. : 
remains  SO  os.  iw  in  bulk  Co  about  13S0  grains  of  water,  but 
its  capacity  for  beat  being  only  }  of  that  of  water,  is  equal 
•■ly  to  980  graiae  of  water»  which  is  to  be  added  to  the  w»- 
HC  in  the  fefr jgeratoij. 
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aturc  in  which  the  water  has  no  heat ;  but  this  is  a  point 
which  is  still  mbjudict.* 

8.  This  conversion  of  liquids  (for  it  is  not  confined  to 
water,  but  obtains  also  in  ardent  spirits^  oils,  m^vury, 

"  Total  weight  of  the  water,  &c.  heated  68679  gnfato 

which  multiplied  by  9°.35  the  heat  acquired  <=»  589090.75 
and  dlrided  by  the  weight  of  the  condensed  iteam  ^  540 

grains  gives  1090».79 

to  whichj  adding  the  heat  retained  e»  62?. 


gives  the  sum  of  the  sensible  and  latent  heat  a  115S.79 

Irom  whichy  deducting  the  average  sensible  heat  of  the  steam    146. 


gives  the  latent  heat  at  that  temperature  «■  1006.79 


**  I  have  said  that  I  am  by  no  means  satisfied  with  the  accuracy  of  this 
eiperinent.  Too  many  things  are  taken  by  estimation  which  ought  to  hare 
been  ascertained  by  experiment,  and  the  degree  of  exhaustion  was  not  so 
great  as  it  might  have  been,  or  as  I  have  obtained  in  some  other  experiments* 
The  cone  B  ought  to  have  had  a  slip  joint  in  its  neck  at  E,  by  which  it  oouM 
have  been  taken  off  and  weighed  before  and  after  each  experiment  to  ascer- 
tain the  quantity  of  water  which  adhered  to  its  inside. 

"  Its  specific  gravity  ought  also  to  have  been  determined  by  weighing  it  fai 
water,  and  its  capacity  for  heat  examined  accurately.  The  cone'  C  was  ia* 
tended  to  catch  any  water  which  might  come  over  in  consequence  of  a  vio- 
lent ebullition  ;  but  by  cooling  the  still  sooner  than  tho  cone:»,  that  did  not 
take  place,  and  the  cone  C  was  superfluous,  and  might  be  omitted  in  .another 
case. 

"  The  vacuum  ought  to  have  been  made  jnore  perfect  by  repeatedly  boil- 
ing the  water,  condensing  the  steam,  and  blowing  out  the  air,  until  the  dir 
tillation  should  take  place  at  70^  or  80°.  All  this  I  should  probably  have 
done,  had  I  not  been  called  away  by  business  from  prosecuting  the  experi- 
ment at  that  time,  and  my  attention  having  never  been  drawn  to  it  since* 
Now  it  is  too  late."    W. 

«  "  In  my  first  experiments,  made  in  a  rude  way  in  1765,  the  latent  heat 
appeared  to  be  above  1200^,  but  later  experiments,  whieh  I  have  related  in 
the  preceding  note,  have  made  me  suppose  the  former  ones  to  be  erroneous. 

'*  Mr  Southern  is  inclined  to  conclude,  from  the  experiments  on  the  latent 
heat  of  steam  at  high  temperatures,  which  I  have  mentioned,  that  the  latent 
heat  is  a  constant  quantity,  instead  of  the  sam  of  the  latent  and  sensible  heats 
being  so.  Dr  Priestley  favoured  me  with  his  company  during  the  ninth  and 
tenth  experiments  in  1781  and  in  1783  ;  Mr  Dc  Luc  attended  a  repetition  of 
these  experiments,  and  the  distillations  in  vacuo."   W. 
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&C.  is  die  cause  of  their  boiling.  The  beat  is  a|^Iied  to 
the  bottom  and  sides  of  the  vessel,  and  gradually  accumiH 
lotea  in  the  fluid,  in  a  sensible  state,  lincombined,  and 
ready  to  quit  it  and  to  enter  into  any  body  that  is  colder, 
and  to  diffuse  itself  between  them,  llius  it  enters  into 
the  fluid  of  a  thermometer,  expands  it,  and  thus  gives  us 
the  indication  of  the  degree  in  which  it  has  been  accumu- 
lated in  the  water;  for  the  shermomcter  swells  as  long  as 
it  continues  to  absorb  sensible  heat  from  the  water :  and 
when  the  sensible  heat  in  both  is  in  cquilibrio,  in  a  pro- 
portion depending  on  the  nature  of  the  two  fluids,  the 
thermometer  rises  no  more,  because  it  absorbs  no  more 
heat  or  fire  from  the  water ;  for  the  particles  of  water 
which  arc  in  immediate  contact  with  the  bottom,  arc  now 
(by  this  gradual  expansion  of  liquidity)  at  such  distance 
firom  each  otlicr,  that  their  laws  of  attraction  for  each 
other  and  for  heat  are  totally  changed.  Each  particle 
either  no  longer  attracts,  or  perhaps  it  repels  its  adjoining 
particle,  and  now  accumulates  round  itself  a  great  number 
of  the  particles  of  heat^  and  forms  a^particle  of  clastic  fluids 
so  related  to  the  adjoining  ncw-fbrnied  particles,  as  to 
repel  them  to  a  distance  about  twelve  and  a  half  times 
greater  than  their  distance  in  the  state  of  water.  Ill  us  a 
mass  of  elastic  vapour  of  sensible  magnitude  is  formed. 
Being  about  two  thousand  times  lighter  than  an  equal  bulk 
of  water,  it  must  rise  up  through  it,  as  a  cork  would  do, 
in  a  form  of  transparent  ball  or  bubble^  and  getting  to  the 
top,  it  dissipates,  filling  the  upper  part  of  the  vest»el  with 
vapour  or  steam. 

9.  Thus,  by  tossing  the  liquid  into  bubbles,  which  arc 
produced  all  over  the  bottom  and  sides  of  the  vessel,  it 
produces  the  phenomenon  of  ebullition  or.  boiling.  Ob- 
serve^ that  daring  its  passage  up  through  the  water,  it  is 
not  changed  or  condensed ;  for  the  surrounding  water  is 
already  so  hot  that  the  sensible  or  uncombined  heat  in  it^ 
is  in  equilibrio  wiUi  that  in  the  vapour,  and  therelore  it  u 
not  disposed  to  absorb  any  of  that  heat  which  is  combined 
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as  an  ingredient  of  this  vapour,  and  giyes  it  its  dbsdcttj* 
For  this  reason,  it  happens  that  water  will  not  boil  till  its 
whole  mass  be  heated  up  to  212*;  for  if  the  upper  part  be 
colder,  it  robs  the  rising  bubble  of  that  heat  which  is  me^ 
eessary  for  its  elasticity,  so  that  it  immediateljr  coUapses 
again,  and  the  sur&ce  of  the  water  remains  stilL  This 
may  be  peroeived  by  holding  water  in  a  Florence  flask 
over  a  lamp  or  chofier.  It  will  be  observed,  some  time 
before  the  real  ebullition,  that  some  bubbles  are  formed 
at  the  bottom,  and  get  up  a  very  little  way,  and  then 
disappear.  The  distances  which  they  reach  before  ooK 
lapsing  increase  as  the  water  continues  to  warm  farther  up 
the  mass,  till  at  last  it  breaks  out  into  boiling.  If  the 
handle  of  a  tea-kettle  be  grasped  with  the  hand,  a  tronor 
will  be  felt  for  some  little  time  before  boilings  arising  firom 
ihb  little  succussions  which  are  produced  by  the  collapsing 
of  the  bubbles  of  vapour.  A  much  more  violent,  and 
really  a  remarkable  phenomenon  appears,  if  we  suddenly 
plunge  a  lump  of  red-hot  iron  into  a  vessel  of  cold  water, 
taking  care  that  no  red  part  be  near  the  surface.  If  the 
hand  be  now  applied  to  the  side  of  the  vessel^  a  most  vio- 
lent tremor  is  felt,  and  sometimes  strong  thumps :  these 
arise  from  the  collapsing  of  very  large  bubbles.  If  the 
upper  part  of  the  iron  be  too  hot,  it  warms  the  surround- 
ing water  so  much,  that  the  bubbles  from  below  come  up 
through  it  unccmdensed,  and  produce  ebullition  without 
this  succussion.  The  great  resemblance  oi  this  tremor  to 
the  feeling  which  we  have  during  the  shock  of  an  earth- 
quake, has  led  many  to  suppose  that  these  last  are  produced 
in  the  same  way ;  and  their  hypothesis,  notwithstanding  the 
objections  which  we  have  elsewhere  stated  to  it,  is  by  no 
means  unfeasible. 

10.  It  is  owing  to  a  similar  cause  that  violent  thumps 
are  sometimes  felt  on  the  bottom  of  a  tea-kettle,  e^ecially 
one  which  has  been  long  in  use.  Such  are  frequently 
crusted  on  the  bottom  with  a  stony  concretion.     This 
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fltMiieftiines  ii  detached  in  little  icaleB.  Wfaeo  one  of  theie 
11  adhering  by  one  end  to  the  bottom,  the  water  gets  be- 
tween them  in  a  thin  film.  Hence  it  may  be  heated  con- 
aderably  above  the  bmling  temperature^  and  it  suddenly 
rises  up  in  a  large  bubble,  which  collapses  immediately. 
A  smooth  shilliiig  lying  on  the  bottom  will  produce  this 
appearance  "rerj  yiokntly,  or  a  thimble  with  the  mouth 
down. 

11.  In  order  to  make  water  boil,  the  fire  must  be  ap* 
plied  to  the  bottom  or  sides  of  the  vessel.  If  the  heat  be 
applied  at  the  top  of  the  water,  it  win  waste  away  without 
boiling ;  for  the  very  superficial  particles  are  first  supplied 
with  the  heat  necessary  for  rendering  them  elastic^  and 
they  fly  off  without  agitating  the  rest.  ^ 

12.  Since  this  diseogagement  of  ▼^>our  is  the  efi^  of 
its  elasticity,  and  since  this  elasticity  is  a  determined  fiiroe 
when  the  temperature  is  given,  it  follows,  that  fluids  cannot 


*  ^  We  explained  the  opaque  and  clovdj  appeannee  of  iteaD«  bj  mying 
tHat  the  vapoar  is  condenied  by  eoming  into  contact  with  the  cooler  air. 
There,  ii  something  in  the  form  of  this  dond  which  is  Tery  inexplicable. 
The  particles  of  it  are  sometimes  ^etj  disdogQishable  bj  the  eje ;  but  they 
haTC  not  the  smart  stir-like  brillianey  of  very  small  drops  of  water,  bat  give 
the  fainter  reflection  of  a  very  thin  film  or  vesicle  like  a  soap  babble.    If  we 
attend  also  to  their  motion,  we  see  them  descending  jery  slowly  in  compari- 
ton  with  the  descent  of  a  solid  drop ;  and  this  vesicolar  constitution  b  esta* 
Utshed  beyond  a  doobt  by  looking  at  a  candle  through  a  cloud  of  steam.    It 
isse^n  snrrounded  by  a  faint  halo  with  prismatical  colours^ precisely  such  as 
we  can  demonstrate  by  optical  laws  to  belong  to  a  collection  of  vesicles,  but 
totally  different  from  the  halo  which  would  be  produced  by  a  collection  of 
loUd  drops.    It  is  very  difficult  to  conceive  how  these  vesicles  can  be  form- 
ed of  witry  particles,  each  of  which  was  surrounded  with  many  particles  of 
fire,  now  communicated  to  the  air,  and  how  each  of  these  vesicles  shall  in- 
clude within  it  a  ball  of  air  ;  but  we  cannot  refuse  the  fact.    We  know«  that 
if,  while  linseed  oil  is  boiling,  or  nearly  boiling,  the  surface  be  obliquely 
itruck  with  the  ladle,  it  will  be  dashed  into  a  prodigious  number  of  exceed- 
ingly small  veside^  which  will  float  about  in  the  air  for  a  long  while.    Mr 
Seussvre  wai  (we  thiak)  the  first  who  distinctly  observed  this  vesicular  form 
•f  mista  and  clondt ;  aad  ha  makes  coosiderable  use  of  it  in  explaining  sevo- 
nl  pheoooiena  of  the  atmosphae."    Dr  R. 
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boil  till  the  elasticity  of  the  vapour  overcomes  the  pressure 
of  the  incumbent  fluid  and  of  the  atmosphere.  Therefore^ 
when  this  pressure  is  removed  or  diminished,  the  fluids 
must  sooner  overcome  whfU  remains,  and  boil  at  a  lower 
temperature.  Accordingly  it  is  observed  that  water  will  boil 
in  on  exhausted  receiver  when  of  the  heat  of  the  human  bo* 
dy.  If  two  glass  balls,  A  and  B,  (Plate  1.  Fig.  1.)  be  con* 
nected  by  a  slender  tube,  and  one  of  them  A  be  filled  with  w^ 
ter  (a  small  opening  or  pipe  b  being  left  at  top  of  the  other), 
and  this  be  made  to  boil,  thevapour  produced  from  it  will 
drive  all  the  air  out  of  the  other,  and  will  at  last  come  out 
itselfj  producing  steam  at  the  mouth  of  the  pipe.  When 
the  ball  B  is  observed  to  be  occupied  by  tran^arent  va- 
pour^ we  may  conclude  that  the  air  is  completely  expelled. 
Now  shut  the  pipe  by  sticking  it  into  a  piece  of  tallow  or 
bees-wax,  the  vapour  in  B  will  soon  condense,  and  there 
will  be  a  vacuum.  The  flame  of  a  lamp  and  blow-pipe 
being  directed  to  the  little  pipe^  will  cause  it  immediately 
to  close  and  seal  hermetically.  We  now  have  a  pretty  in- 
strument or  toy  called  a  Pulse-glass.*  Grasp  the  ball  A 
in  the  hollow  of  the  hand  ^  the  heat  of  the  hand  will  imme- 
diately expand  the  bubble  of  vapour  which  may  be  in  it, 
and  this  vapour  will  drive  the  water  into  B,  and  then  will 
blow  up  through  it  for  a  long  wliile^  keeping  it  in  a  state  of 
violent  ebullition,  as  long  as  there  remains  a  drop  or  film  of 
water  in  A.  But  care  must  be  taken  that  B  is  all  the  while 
kept  cold,  that  it  may  condense  the  vapour  as  fast  as  it  rises 
through  the  water.  Touching  B  with  the  hand,  or  breath- 
ing warm  on  it,  will  immediately  stop  the  ebullition  in  it. 
When  the  water  in  A  has  thus  been  dissipated,  grasp  B  in 


*  "  The  inventiuo  of  the  pulse  glass  is  ascribed  to  Dr  Franklin,  iU  date 
uncertain,  probably  subsequent  to  tay  improTement  of  tlie  Sleam  Engine,  at 
least  certainly  not  known  to  me  at  that  time. 

"  The  boiling  in  vacuo  was  known  long  before  die  pulse-glass  was  inrent- 
cd.  Pulsc-gla>»es  succeed  bettor  when  filled  with  apiriu  of  wine  Uuui  with 
water."   W. 
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die  band;  the  water  will  be  driven  into  A^  and  the  ebnUi* 
tion  will  take  place  there  as  it  did  in  B.  Patting  one  of  the 
baOt  into  die  mouth  will  make  the  eballition  more  Tioknt 
in  the  other,  and  the  one  in  the  month  wi]]  fcd  very  coM. 
This  is  a  pretty  illustration  of  the  rapid  absorption  of  the 
heat  by  the  partieles  of  water  whidi  are  thus  converted  into 
dastic  vapoar*  We  have  seen  this  little  toy  saspended  by 
the  middle  of  the  tube  like  a  balance,  and  thus  placed  in  the 
inside  of  a  window,  hwing  two  holes  a  and  b  cut  in  the 
pane^  in  such  a  situation  that  when  A  is  fiill  of  water  and 
preponderates,  B  is  opposite  to  the  hole  6.  Whenever  the 
room  became  sufficiently  warm,  the  vapoar  was  formed  in 
A»  and  immediately  drove  the  water  into  B^  which  was 
kept  cool  by  the  air  coming  into  the  room  through  the  bole 
b»  By  this  means  B  was  made  to  prq)onderate  in  its  turn^ 
and  A  was  then  opposite  to  the  hole  a,  and  the  process  was 
now  repeated  in  tlie  opposite  direction ;  and  this  amuse- 
ment continued  as  long  as  the  room  was  warm  enough. 

IS.  We  know  that  liquors  differ  exceedingly  in  the  tem- 
peratures necessary  for  their  ebullition.  This  forms  the 
great  chemical  distinction  between  volatile  and  fixed  bo- 
dies. But  the  difference  of  temperature  in  which  they 
boil,  or  arc  converted  into  permanently  clastic  vapour,  un- 
der the  pressure  of  the  atmosphere,  is  not  a  certain  mea- 
sure of  their  differences  of  volatility.  The  natural  boiling 
point  of  a  body  is  that  in  which  it  will  be  converted  into 
elastic  vapour  under  no  pressure,  or  in  vacuo.  The  boil- 
ing point  in  the  open  air  depends  ou  the  law  of  the  elasti- 
city of  the  vapour  in  relation  to  its  heat.  A  fluid  A  may 
be  less  volatile,  that  is,  may  require  more  heat  to  make  it 
boil  in  vacuo^  than  a  fluid  B  :  But  if  the  elasticity  of  the  va- 
pour of  A  be  more  increased  by  an  increase  of  temperature 
than  tliat  of  the  vapour  of  B,  A  may  boil  at  as  low,  or  even 
at  a  lower  temperature,  in  the  open  air,  than  B  does ;  for 
the  increased  elasticity  of  the  vapour  of  A  may  sooner  over- 
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come  the  pre«are  of  the  atnuNphere.*  Feir  eq^eriinentf 
bave  been  made  on  the  relation  between  the  temperature 
and  the  elastici^  of  di£brent  yapoun.  So  kyng  ago  ai 
the  year  1765,  we  had  occasion  to  examine  the  boiling 
points  of  all  such  liquors  as  we  could  manage  in  an  air- 
pump  ;  that  is^  such  as  did  not  produce  vapours  which  de- 
stroyed the  valves  and  the  leathers  of  the  pistons :  and  we 
thought  that  the  experiments  gave  us  reason  to  condnde^ 
that  the  elasticity  of  all  the  vapours  was  aflected  by  heat 
nearly  in  the  same  degree.f 

14.  For  we  found  that  the  difference  between  their 
boiling  points  in  the  air  and  fit  vacuo  was  nearly  the  same 
in  all^  namely,  about  120  d^rees  of  Fahrenheit's  thermo- 
meter. .  It  is  exceedingly  difficult  to  make  experiments 
of  this  kind :  The  vapours  are  so  condensibIe»  and  change 
their  elasticity  so  prodigiously  by  a  trifling  change  of  tem- 
perature^ that  it  is  almost  impossible  to  examine  this  point 
with  precision.  It  is,  however,  as  we  shall  see  by  and 
by,  a  subject  of  considerable  practical  importance  in  the 
mechanic  arts ;  and  an  accurate  knowledge  of  the  relation 
would  be  of  great  use  also  to  the  distiller ;  and  it  would 
be  no  less  important  to  discover  the  relation  of  their  elas- 
ticity and  density,  by  examining  their  compressibiliQr,  in 
the  same  manner  as  we  have  ascertained  the  relation  in 


*  "  Mr  Dalton  supposes  the  difference  of  the  temperature  of  two  ▼apooil 
of  the  same  elastic  force,  rai»<*d  from  two  different  liquids,  to  be  a  constant 
quantity  ;  thus  supposing  alcohol  to  boil  at  175^,  and  water  at  tl2^#  the  cqii(> 
staot  difference  is  37°  belonging  to  those  two  liqaidsj  and  that  the  vapour  of 
alcohol  of  100^  would  be  as  elastic  as  that  of  water  at  137°,  &c.  &c.  Ob 
this  principle  the  case  supposed  above  could  nothappeu  |  but  it  is  consistent 
with  the  conclusion  (Art.  14)  as  to  principle,  though  not  as  to  qoantitj,  foi 
«12<»— 70^  — 14«°."   J.S. 

t  "  These  experiments  were  unknown  to  me  at  the  time  I  invented  the  im- 
proved engine  in  1765,  and  for  long  after ;  perhaps  that  lAveotioD  was  the 
cause  of  their  being  made.  "    W. 
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the  CMe  of  vluit  w«  caH  amglJUadt,  that  i^  nch  m  ve 
kn«  Befier  obterred  in  the  ibnn  of  liqiiidt  or  toli^  exec|it 
in  ocMueqnenee  of  their  union  with  each  other  or  with 
odier  bodies.  In  the  article  Pmxumatics  we  shall  take 
notice  of  it  as  iwinfthtng  like  a  natural  knr,  that  aD  those 
airs»  or  gase%  as  thcj  are  now  called,  had  their  ehstidqr 
Tery  nesrif ,  if  not  cxaetlj,  proportional  to  their  density. 
This  Jippean  firom  the  experiments  of  Achard,  of  Fontana, 
and  odMU%  on  vital  air,  inflammable  air,  fixed  air,  and 
some  others.  It  gives  os  tome  presumption  to  suppose 
that  it  holds  in  all  elastic  vapours  whatever,  and  that  it 
is  connected  with  their  elasticity  j  and  it  renders  it  some- 
what probable  that  they  are  all  elastic^  only  became  the 
cause  of  heat  (the  matter  of  fire  if  you  will)  is  elastic^  and 
that  their  law  of  elasticity,  in  respect  of  density,  is  the  same 
with  that  of  fire. 

15.  But  it  must  be  observed,  that  although  we  thus 
anign  the  elasticity  of  fire  as  the  immediate  cause  of  the 
elasticity  of  vapour,  in  the  same  way,  and  on  the  same 
grounds^  that  we  ascribe  the  fluidity  i^  brine  to  the  fluidity 
of  the  water  which  holds  the  solid  salt  in  solution,  it  does 
not  fi>llow  that  this  is  owing,  as  is  commonly  supposed,  to  a 
repuluon  or  tendency  to  recede  from  each  other  exerted 
by  the  particles  of  fire.     We  are  as  much  entitled  to  infer 
a  repulsion  of  unlimited  extent  betwe»i  the  particlos  of 
water ;  for  we  see  that  by  its  means  a  single  particle  of  sea- 
salt  becomes  disseminated  through  the  whole  of  a  very 
Urge  vessel.   If  water  bad  not  been  a  visible  and  a  palpable 
substance,  and  the  salt  only  had  been  visible  and  palpable^ 
we  might  have  formed  a  similar  notion  of  chemical  solution. 
But  we,  on  the  contrary,  have  considered  the  quaquaver^ 
SMS  motion  or  eiqiansion  of  the  salt  as  a  dissemination 
among  the  particles  of  water ;  and  we  have  ascribed  it  to 
the  strong  attraction  of  the  atoms  of  salt  for  the  atoms  of 
water,  andtheattractionof  these  hut  for  each  other,  think- 

VOL.  u.  B 
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ing  that  each  atom  of  salt  accumulates  round  itadf  a  multi« 
tude  of  watery  atoms,  and  by  so  doing  must  recede  from 
the  other  saline  atoms.  Nay,  we  farther  see,  that  by  forces 
which  we  naturally  consider  as  attractions,  an  eicpansion 
may  be  produced  of  the  whole  mass,  which  will  act  against 
external  mechanical  forces.  It  is  thus  that  wood  swells 
with  almost  insuperable  force  by  imbibing  moisture ;  it  is 
thus  that  a  sponge  immersed  in  water  becomes  really  an 
elastic  compressible  body;  resembling  a  blown  bladder; 
and  there  are  appearances  which  warrant  us  to  apply  this 
mode  of  conception  to  elastic  fluids. — When  air  is  sud-^ 
denly  compressed,  a  thermometer  included  in  it  shews  a 
rise  of  temperature ;  that  is,  an  appearance  of  heat  now 
redundant  which  was  formerly  combined.  The  heat  seems 
to  be  squeezed  out  as  the  water  from  the  sponge. 

16.  Accordingly  this  opinion,  that  the  elasticity  of  steam 
and  other  vapours  is  owing  merely  to  the  attraction  for 
fire,  and  the  consequent  dissemination  of  their  particles 
through  the  whole  mass  of  fire^  has  been  entertained  by 
many  naturalists,  and  it  has  been  ascribed  entirely  to  at- 
traction. We  by  no  means  pretend  to  decide;  but  we 
think  the  analogy  by  far  too  slight  to  found  any  confident 
opinion  on  it.  The  aim  is  to  solve  phenomena  by  attrac-*" 
tion  only,  as  if  it  were  of  more  easy  conception  than  repul- 
sion. Considered  merely  as  &cts,  they  are  quite  on  a  par. 
The  appearances  of  nature  in  which  we  observe  actual  re- 
cesses of  the  parts  of  body  from  each  other,  are  as  distinct^ 
and  as  frequent  and  familiar,  as  the  appearances  of  actual 
approach.  And  if  we  attempt  to  go  farther  in  our  con- 
templation^ and  to  conceive  the  way  and  the  forces  by 
which  either  the  approximation  or  recesses  of  the  atoms 
are  produced,  we  must  acknowledge  that  we  have  no  con- 
ception of  the  matter ;  and  we  can  only  say,  that  there  is  a 
cause  of  these  motions,  and  we  call  it  a  force,  as  in  every 
case  of  the  production  of  motion.     We  call  it  attraction 
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or  repobion  just  as  we  happen  to  contemplate  an  accen  or 
a  recess.  But  the  analogy  here  is  not  only  slight,  but 
imperfect,  and  fails  most  m  those  cases  which  are  most 
simple,  and  where  we  should  expect  it  to  be  most  complete* 
We  can  squeeze  water  out  of  a  sponge,  it  is  true,  or  out  of 
a  piece  of  green  wood ;  but  when  the  white  of  an  egg,  the 
tremella,  or  some  gums,  swell  to  a  hundred  times  their 
dry  dimensions  by  imbibing  water,  we  cannot  squeeze  out 
a  particle.  If  fluidity  (for  the  reasoning  must  equally  apply 
to  this  as  to  vapourousness)  be  owing  to  an  accumulation 
of  the  extended  matter  of  fire,  which  gradually  expanded 
the  solid  by  its  very  minute  additions ;  and  if  the  accumu- 
lation round  a  particle  of  ice,  which  is  necessary  for  making 
it  a  particle  of  water,  be  so  great  in  comparison  of  what 
gives  it  the  expansion  of  one  degree,  as  experiment  obliges 
us  to  conclude — it  seems  an  inevitable  consequence,  that  all 
fluids  should  be  many  times  rarer  than  the  solids  firom 
which  they  are  produced.  But  we  know  that  the  difference 
is  trifling  in  all  cases,  and  in  some  (water,  for  instance,  and 
iron)  the  solid  is  rarer  than  the  fluid. 

17'  Many  other  arguments  (each  of  them  perhaps  of 
little  weight  when  taken  alone^  but  which  are  all  system- 
atically connected,)  concur  in  rendering  it  much  more  pro- 
bable that  the  matter  of  fire,  in  causing  elasticity,  acts 
immediately  by  its  own  elasticity,  which  we  cannot  con- 
ceive in  any  other  way  than  as  a  mutual  tendency  in  its 
particles  to  recede  from  each  other;  and  we  doubt  not 
but  that,  if  it  could  be  obtained  alone,  we  should  find  it 
on  dastic  fluid  like  air.  We  even  think  that  there  arc 
cases  in  which  it  is  observed  in  this  state.  The  elastic 
force  of  gunpowder  is  very  much  beyond  the  elasticity  of 
all  the  vapours  which  are  produced  in  its  deflagration, 
each  of  them  being  expanded  as  much  as  we  can  reason- 
ably suppose  by  the  great  heat  to  which  they  are  exposed* 
I  exploded  some  gunpowder  mixed  with  a  considerable 
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portion  of  finely  powdered  quartz^  and  another  parcal 
mixed  with  fine  filings  of  copper.  The  elasticity  was  mea^ 
sured  by  the  penetration  of  the  ball  which  was  discharge^i 
and  was  great  in  the  degree  now  mentioned.  The  be^ 
periment  was  so  conducted,  that  much  of  the  quartz  and 
copper  was  collected;  none  of  the  quartz  had  been  melt* 
ed,  and  some  of  the  copper  was  not  melted.  The  hea^ 
therefore,  could  not  be  such  as  to  explain  the  elaatidty 
by  expansion  of  the  vapours ;  and  it  became  not  impro* 
bable  that  fire  was  acting  here  as  a  detached  cbemi* 
cal  fluid  by  its  own  elasticity^  But  to  return  to  our 
subject. 

18.  There  is  one  circumstance  in  which  we  think  our 
own  experiments  shew  a  remarkable  difference  (at  least  in 
degree)  between  the  condensible  and  inoondensible  vapoar« 
It  is  well  known,  that  when  air  is  very  suddenly  expandedy 
cold  is  produced^  and  heat  when  it  is  suddenly  condensed* 
^When  ipi^ing  experiments  witiv  the  hopes  of  discovering 
'  the  connection  between  the  elasticity  and  density  of  the 
vapours  of  boilmg  water,  and  also  of  boiling  spirits  of  tur« 
pentinc^  we  found  the  change  of  density  accompanied  by  a 
change  of  temperature  vastly  greater  than  in  the  case  of 
incoercible  gases.  When  the  vapour  of  boiling  water  was 
suddenly  allowed  to  expand  into  five  times  its  bulk,  we 
observed  the  depression  of  a  large  and  sensible  air  ther^ 
mometer  to  be  at  least  four  or  five  times  greater  than  in  a 
umilar  expansion  of  common  air  of  the  same  temperature. 
The  chemical  reader  will  readily  sec  reasons  for  expecting, 
on  the  contrary,  a  smaller  alteration  of  temperature,  both 
on  account  of  the  much  greater  rarity  of  the  fluid,  and  on 
account  of  a  partial  condensation  of  its  water^  and  the  con? 
sequent  disengagement  of  combined  heat. 

19*  This  difference  in  the  quantity  of  fire  which  is  com^ 
bined  in  vapours  and  gases  is  so  considerable^  as  to  au- 
thorise us  to  suppose  that  there  is  some  difference  in  the 
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chemical  constitiitkm  of  Tapoan  and  gate^  and  tbat  die 
dmneetion  between  the  specific  bases  of  the  rapour  and 
the  fire  which  it  contains,  is  not  the  same  in  air,  for  in- 
stance, as  in  the  yaponr  of  boiling  water ;  and  this  differ- 
ence may  be  the  resKm  why  the  one  is  easily  condensible 
by  cold,  while  the  other  has  never  been  exhibited  in  a  li- 
quid or  solid  form,  except  by  means  of  its  chemical  onion 
with  other  substances.  In  this  particular  instance  we  know 
that  there  is  an  essential  difference ;  that  in  vital  or  atmoa* 
pheric  air  there  is  not  only  a  prodigious  quantity  of  fire 
which  is  not  in  the  vapour  of  water,  but  that  it  also  con-* 
tains  light,  or  the  cause  of  h'ght,  in  a  combined  state.  This 
is  fiilly  evinced  by  the  great  discovery  of  ^r  Cavendish  of 
the  composition  of  water.  Here  we  are  tanght  that  water 
(and  consequently  its  vapour)  consists  of  air  from  which  the 
fi|ght  and  greatest  part  of  the  fire  have  been  separated. 
And  the  subsequent  discoveries  of  the  celebrated  Lavoisier 
show,  that  almost  all  the  condensible  gases  with  which  we 
are  acquainted,  consist  either  of  airs  which  have  already 
Ibst  much  of  their  fire  (and  perhaps  light  too),  or  of  mat- 
ters in  which  we  have  no  evidence  of  fire  or  light  being 
eodibined  in  this  manner. 

This  consideration  may  go  far  in  explaining  this  differ- 
ence in  the  condensibility  of  these  difierent  species  of  aerial 
fluids^  the  gases  and  the  vapours ;  and  it  is  with  this  qua* 
HficBtion  only  that  we  are  disposed  to  allow  that  all  bodiea 
are  condensible  into  liquids  or  solids  by  abstracting  the 
heat.  In  order  that  vital  air  may  become  liquid  or  soiidf 
we  hold  tbat  it  is  not  sufficient  that  a  body  be  presented  to 
it  wluch  shall  simply  abstract  its  heat.  This  would  only 
abstract  its  uncombined  fire.  But  another  and  much  lar- 
ger portion  remains  chemically  combined  by  means  of 
light  A  'chemical  affinity  must  be  brought  into  action 
which  may  abstract,  not  the  fire  fix)m  the  oxygen  (to  speak 
the  hmgnage  rf  Mr  LavoWer),  but  the  oxygen  from  the 
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fire  and  light  And  our  production  is  not  the  detached 
basis  of  air,  but  detached  heat  and  light,  and  the  ibrcnation 
of  an  oxide  of  some  kind. 

To  prosecute  the  chemical  consideration  of  Steams  far- 
ther than  these  general  observationsi  which  are  applicable 
to  all,  would  be  almost  to  write  a  treatise  of  chemistry,  and 
would  be  a  repetition  of  many  things  which  have  be^ 
treated  of  in  sufficient  detail  in  other  articles  of  this  work. 
We  shall  therefore  conclude  this  article  with  some  othtf 
observations^  which  are  also  general,  with  respect  to  the 
different  kinds  of  coercible  vapours,  but  which  have  a  par- 
ticular relation  to  the  following  article. 

20.  Steam  or  vapour  is  an  elastic  fluids  whose  elasticity 
balances  the  pressure  of  the  atmosphere ;  and  it  has  be^i 
produced  from  a  solid  or  liquid  body  raised  to  a  sufficient 
temperature  for  giving  it  this  elasticity ;  that  is,  for  causing 
the  fluid  to  boil.  This  temperature  must  vary  with  the  * 
pressure  of  the  air.  Accordingly  it  is  found,  that  when 
tlie  air  is  light  (indicated  by  the  barometer  being  low),  the 
fluid  will  boil  sooner.  When  the  barometer  stands  at  SO 
inches^  water  boils  at  the  temperature  ^IH^.  If  it  stands 
so  k>w  as  28  inches,  water  will  boil  at  208}.  In  the  plains 
of  Quito,  or  at  Crondair  in  Abyssinia,  where  the  barome- 
ter stands  at  about  21  inches^  water  will  boil  at  195^. 
Highly  rectified  alcohol  will  boil  at  160^,  and  vitriolic 
ether  will  boil  at  88^  or  89^.  This  is  a  temperature  by  no 
means  uncommon  in  these  places ;  nay,  the  air  is  frequently 
warmer.  Vitriolic  ether,  dierefore,  is  a  liquor  which  can 
hardly  be  known  in  those  countries.  It  is  hardly  possible 
to  preserve  it  in  that  form.  If  a  phial  have  not  its  stopper 
firmly  tied  down,  it  will  be  blown  out,  and  the  liquor  will 
boil  and  be  dissipated  in  steam.  On  the  top  of  Chimbora- 
90,  the  human  blood  must  be  disposed  to  form  vapour  or 
steam. 

21.  We  said  some  time  ago»  that  we  had  concludedf 
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ftom  some  experimoits  made  in  the  receiver  of  mi  tir- 
pump,  that  flaidfl  boQ  in  vacuo  at  a  temperature  nearly  ISO 
d^ees  lower  than  that  necessary  for  their  boiling  in  the 
open  air.  But  we  now  see  that  this  must  have  been  but  a 
gross  approximation ;  ibr  in  these  experiments  the  fluids 
were  boiUng  under  the  pressure  of  the  vapour  which  they 
produced,  and  which  could  not  be  abstracted  by  working 
the  pump.  It  appears  from  the  experiments  of  Lord 
CSiarlcs  Cavendish^  (1760)  mentioned  in  the  article  Pneu- 
ICATIC89  that  water  of  the  temperature  72?  was  converted 
into  elastic  vapour,  which  balanced  a  pressure  of  ^hs  of  an 
inch  of  mercury,  and  in  this  state  it  occupied  the  receiver, 
and  did  not  allow  the  mercury  in  the  gange  to  sink  to  the 
level.  As  fast  as  this  was  abstracted  by  working  the  air- 
pump,  more  of  it  was  produced  from  the  surface  of  the  wa- 
ter, so  that  the  pressure  continued  the  same,  and  the  water 
did  not  boil.  Had  it  been  possible  to  produce  a  vacuum 
above  this  water,  it  would  have  boiled  for  a  moment^  and 
would  even  have  continued  to  boil^  if  the  receiver  could 
have  been  kept  very  cold. 

2£.  Upon  reading  these  experiments,  and  some  very 
curious  ones  of  Mr  Naime^  in  the  Phil.  Trans.  (1777,)  I 
was  induced  to  examine  more  particularly  the  relation  be- 
tween the  temperature  of  vapour  and  its  elasticity,  in  the 
following  manner : 

ABCD  (Fig.  2.)  is  the  section  of  a  small  digester  made 
of  copper.  Its  lid^  which  is  fastened  to  the  body  with 
Krews,  is  pierced  with  three  holes,  each  of  which  had  a 
small  pipe  soldered  into  it.  The  first  hole  was  furnished 
with  a  brass  safety-valve  V,  nicely  fitted  to  it  by  grinding* 
The  area  of  this  valve  was  exactly  4th  of  an  inch.  There 
rested  on  the  stalk  at  the  top  of  this  valve  the  arm  of  a  steel- 
yard carrying  a  sliding  weight.  This  arm  had  a  scale  of 
equal  parts,  so  adjusted  to  ti\e  weight,  that  the  number  on 
the  scale  corresponded  to  the  inches  of  mercury,  whose 
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pressure  on  the  under  surface  of  the  yalve  is  equal  to  that 
of  the  steelyard  on  iu  top ;  so  that  when  the  weight  was 
at  the  division  10,  the  pressure  of  the  steelyard  on  the 
valve  was  just  equal  to  that  of  a  column  of  mercury  10 
inches  high,  and  ith  of  an  inch  base.  The  middle  hole 
contained  a  thermometer  T  firmly  fixed  into  it,  so  that  no 
vapour  could  escape  by  its  sides.  The  ball  of  this  thermo- 
meter was  but  a  little  way  below  the  lid.  The  third  hole 
received  occasionally  the  end  of  a  glass  pipe  SGF,  whose 
descending  leg  was  about  36  inches  long.  When  this 
syphon  was  not  used,  the  hole  was  properly  shut  with  a 
plug. 

The  vessel  was  half  filled  with  distilled  water  which  had 
been  purged  of  air  by  boiling.  The  lid  was  then  fixed  on, 
having  the  third  hole  S  plugged  up.  A  lamp  being  placed 
under  the  vessel,  the  water  boiled,  and  the  steam  issued  co- 
piously ^y  the  safety-valve.  The  thermometer  stood  at 
213,  and  a  barometer  in  the  room  at  £9«9  inches.  The 
weight  was  then  put  on  the  fifth  division.  The  thermome- 
ter immediately  began  to  rise ;  and  when  it  was  at  220,  the 
steam  issued  by  the  sides  of  the  valve.  The  weight  was  re- 
moved to  the  ]  0th  division  ;  but,  before  the  thermometer 
could  be  distinctly  observed,  the  steam  was  issuing  at  the 
valve.  Hie  lamp  was  removed  farther  from  the  bottom  of' 
the  vessel,  that  the  progress  of  heating  might  be  more  mo- 
derate ;  and  when  the  steam  ceased  to  issue  from  the^  valve, 
the  Uiermometer  was  at  227*  The  weight  was  now  shifted 
to  15 ;  and,  by  gradually  approaching  the  lamp,  the  steam 
again  issued,  and  the  thermometer  was  at  232}.  This 
mode  of  trial  was  continued  all  the  way  to  the  7^th  divi- 
sion of  the  sc^le.  The  experiments  were  then  repeated  in 
the  contrary  order ;  that  is,  the  weight  being  suspended  at 
the  75th  division,  and  the  steam  issuing  strongly  at  the 
Talv^  the  lamp  was  withdrawn,  and  the  moment  the  steam 
ceased  to  come  out,  the  thermometer  was  observed.    The 
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tame  Wft9  done  at  the  70di,  65th  diviaioiiy  &c.  Theaeeif 
perimenti  were  seycral  timet  repeated  both  wajrt ;  and  jthe 
oeans  of  all  the  retulta  for'  each  divUion  are  eiprested  in 
the  following  table,  where  column  ]8t  ezprettet  the  ehu^i- 
eity  of  the  tteam,  being  the  torn  of  Si).^,  and  the  divition  of 
the  iteelyard;  column  2d  expretset  the  temperature  of  the 
iteam  corresponding  to  thit  elatticitj. 


Ekutidtj/. 

T.CMKp€TQiur€% 

S5  iochea. 

aig** 

4 

226 

45 

232 

50 

237 

53 

242 

60 

247 

65 

251 

70 

255 

75 

259 

80 

263 

85 

267 

90 

270i 

95 

274i 

100 

278 

105 

281 

A  very  different  procest  was  necetsary  for  asoertmning 
the  ehisticity  of  the  steam  in  lower  tempcrature%  and  oon- 
aeqioently  under  tmaller  pressures  than  that  of  the  atmos- 
phere. The  glass  syphon  SOF  was  now  fixed  into  its  hole 
in  the  lid  of  the  digester.  The  water  was  made  to  boil 
smartly  for  some  time^  and  the  steam  issued  copiously  both 
at  the  valve  and  at  the  syphon.  The  lower  end  of  the  qr- 
phon  was  now  immersed  into  a  broad  saucer  of  mercury, 
and  the  lamp  instantly  remoTed,  and  every  thing  was  al- 


io 


S6  OS  steam; 

lowed  to  grow  cdd*    By  this  the  steam  was  graduaDy  con- 
densedy  and  the  mercury  rose  in  the  syphon,  without  sen- 
sibly sinking  in  the  saucer.     The  valve  and  all  the  joints, 
were  smeared  with  a  thick  clammy  cement,  composed  of 
oil^  tallow,  and  rosin,  which  effectually  prevented  all  ingress 
of  air.     Tlie  weather  was  clear  and  frosty,  and  the  baro- 
meter standing  at  29.84,  and  the  thermometer  in  the  vessel 
at  42^.  The  mercury  in  the  syphon  stood  at  *29.7,  or  some- 
what higher^  thus  showing  a  very  complete  condensation. 
The  whole  vessel  was  surrounded  with  pounde<i  ice,  of  the 
temperature  32^.     This  made  no  sensible  change  in  the 
height  of  the  mercury.    A  mark  was  now  made  at  the  sur- 
face of  the  mercury.     One  observer  was  stationed  at  the 
thermometer,  with  instructions  to  call  out  as  the  thermo- 
meter reached  the  divisions  42,  47,  52,  57,  and  so  on  by 
every  five  degrees  till  it  should  attain  the  boiling  heat* 
Another  observer  noted  the  corresponding  descents  of  the 
mercury  by  a  scale  of  inches,  which  had  its   beginning 
placed  at  29*84  from  the  surface  of  the  mercury  in  the 
saucer. 

The  pounded  ice  was  now  removed,  and  the  lamp  placed 
at  a  considerable  distance  below  the  vessel,  so  as  to  warm 
its  contents  very  slowly.  These  observations  being  very 
easily  made,  were  several  times  repeated,  and  their  mean 
results  are  set  down  in  the  following  table :  Only  observe, 
that  it  was  found  difficult  to  note  down  the  descents  for 
every  fifth  degree,  because  they  succeeded  each  other  so 
fast.  Every  10th  was  judged  sufficient  for  establishing  the 
law  of  variation.  The  first  column  of  the  table  contains  the 
temperature^  and  the  second  the  descent  (in  inches)  of  the 
mercuiy  firom  the  mark  29.84. 
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^ a,   ,f 

JLtWjWflnifT* 

0.0 

40 

ai 

50 

0.2 

60 

0.95 

70 

0.55 

SO 

0.82 

90 

1.18 

100 

1.61 

110 

2.25 

120 

3.00 

ISO 

8.95 

liO 

5.15 

150 

6.72 

160 

8.65 

170 

11.05 

180 

14.05 

190 

17.85 

200 

22.62 

210 

28.65 

«7 


Foar  or  five  numbers  at  the  top  of  the  column  of  elosti* 
cities  are  not  so  accurate  as  the  others,  because  the  rner* 
cury  passed  pretty  quickly  through  these  points.  But  the 
progress  was  extremely  regular  through  the  remaining 
points;  so  that  the  elasticities  corresponding  to  teroperar 
tures  above  70^  may  be  considered  as  veiy  accurately  ascer- 
tained. 

Not  being  altogether  satisfied  with  the  method  employ- 
ed &r  measuring  the  elasticity  in  temperatures  above  that 
of  boiling  water,  a  better  form  of  experiment  was  adopt- 
ed. (Indeed  it.  was  the  want  of  other  apparatus  which 
made  it  necessary  to  employ  the  former.)  A  glass  tube 
was  procured  of  the  form  represented  in  Fig.  3.  having  a 
litde  cistern  h,  from  the  top  said  bottom  of  which  proceed- 
ed the  syphons  K  and  MN.  The  cistern  contained  mer- 
cury, and  the  tube  MN  was  of  a  slender  bore,  and  was 
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about  dx  feet  two  inches  long.  The  end  K  was  firmly  fixed 
in  the  third  hole  of  die  lid,  and  the  long  leg  of  the  syphon 
was  furnished  with  a  scale  of  inches^  and  firmly  fiistened  to 
an  upright  post. 

The  lamp  was  now  applied  at  such  a  distance  from  the 
Tessel  as  to  warm  it  slowly,  and  make  the  water  boil,  the 
steam  escaping  for  some  time  through  the  safety-valve.  A 
heavy  weight  was  then  suspended  on  the  steelyard ;  such 
as  it  was  known  that  the  vessel  would  j^upport,  and,  at  the 
same  time,  such  as  would  not  allow  the  steam  to  force  the 
mercury  out  of  the  long  tube.  The  thermometer  b^an 
immediately  to  rise^  as  also  the  mercury  in  the  tube  MN. 
Their  correspondent  stations  are  marked  in  the  following 
table:— 


Temperature. 
212*^ 

Elasticiii/. 
0.0 

220 
2S0 
240 

5.9 
14.6 
25.0 

250 
260 

36.9 
50.4 

270 
280 

64.2 
76.0 

This  form  of  the  experiment  is  much  more  susceptible 
of  accuracy  than  the  other,  and  the  measures  of  elasticity 
are  more  to  be  depended  on.  In  repeating  the  experi- 
ment, they  were  found  much  more  constant ;  whereas,  in 
the  former  method,  differences  occurred  of  two  inches  and 
upwards. 

We  may  now  connect  the  two  sets  of  experiments  in- 
to one  table,  by  adding  to  the  numbers  in  this  last  table 
the  constant  height  29.9,  which  was  the  height  of  the 
mercury  in  the  barometer  during  the  last  set  of  observa- 
tions. 
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7  ^^MBA^^Mh^^K^A^^^ 

f/tffffrffy. 

$^ 

0.0 

40 

0.1 

SO 

0.2 

60 

0.35 

70 

a55 

80 

0.82 

90 

1.18 

100 

1.6 

110 

2.25 

120 

3.0 

130 

S.95 

140 

5.15 

150 

6.72 

160 

8.65 

170 

11.05 

180 

14.05 

190 

17.85 

200 

22.62 

210 

28.65 

220 

85.8 

230 

44.5 

240 

54.9 

250 

66.8 

260 

80.S 

270 

94.1 

280 

105.9  ♦ 

*  '*  EipeTimenti  on  thU  subject  bave  been  published  by  Mr  De  Betan^ 
ffooit.  (see  Prony  Arcb.  Hjdraaliqae)  by  Mr  Schmidt,  and  by  Mr  Dmlton^ 
(see  Manchester  Memoirs). 

"  In  the  winter  1764-5, 1  made  experiments  at  Glasgow  on  the  sabjcctt  in 
the  course  of  my  endea^onrs  to  improve  the  steam-engine,  and  as  I  did  net 
then  think  of  any  ttmp/e  method  of  trying  the  elasticities  of  steam  at  tempo* 
ratares  less  than  that  of  boiling  water,  and  bad  at  hand  a  digester  by  which 
the  elasticities  at  greater  heats  could  be  tried,  I  considered  that,  by  establish^ 
IBg  the  ratios  in  which  tb^y  proceeded,  the  elasticities  at  lower  heau  might 
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SS.  In  the  Memoirs  of  the  Royal  Academy  of  Berlin 
for  178%  there  is  an  account  of  some  experiments  made 
by  Mr  Achard  on  the  elastic  force  of  steam,  firom  the 


be  found  nemrly  enough  for  my  purpose.  1  therefore  fitted  n,  thermometer 
to  the  digester  with  its  bulb  in  the  inside,  placed  m  small  cistern  with  mer- 
cury also  within  the  digester,  fi^ed  a  small  barometer  tube  with  its  end  in  the 
mercnry,  and  left  the  upper  end  open.  I  then  made  the  digester  boil  for 
■ome  time,  the  steam  iuuing  at  the  safety-valve,  until  the  air  contained  in 
tiie  digester  was  supposed  to  be  expelled.  The  safety-valve  being  shut,  the 
ateam  acted  upon  the  surface  of  the  mercury  in  the  cistern,  and  made  it  rise 
in  the  tube.  When  it  reached  to  15  inches  above  the  surface  of  the  mercury 
in  t|ie  cistern,  the  heat  was  fSd*;  and  at  30  inches  above  that  surface,  the 
lieat  was  25S°.  Here  I  was  obliged  to  stop,  as  I  had  no  tube  longer  than  54 
inches  and  there  was  no  white  glass  made  nearer  than  Newcastle  upon  Tyne» 
I  therefore  sealed  the  upper  end  of  the  tube  hermetically  whilst  it  was  empty, 
and  when  it  was  cool  immersed  the  lower  end  in  the  mercury,  which  now 
could  only  rise  in  the  tube  by  compressing  the  air  it  contained.  The  tube 
was  somewhat  conical ;  but  by  ascertaining  how  much  it  was  so,  and  making 
allowances  accordingly,  the  following  points  were  found,  which,  though  not 
exacts  were  tolerably  near  for  an  apperpu.  At  29^  inches  (with  the  sealed 
tube)  the  heat  was  f52°,  at75jl  inches  the  heat  was  264^  and  at  IIOJ  inches 
f9fP.  (That  is,  after  malting  allowances  for  the  pillar  of  mercury  sup- 
ported, and  the  pillar  which  would  be  necessary  to  compress  the  air  into  the 
jpace  which  it  occupied,  these  were  the  results).  From  these  elements  I 
laid  down  a  curve,  in  which  the  abscissae  represented  the  temperatures,  and 
the  ordinates  the  pressures,  and  thereby  found  the  law  by  which  they  were 
governed,  safficiently  near  for  my  then  purpose.  It  was  not  till  the  yean 
1779-4,  that  I  found  leisure  to  make  further  experiments  on  this  subject,  of 
which,  though  I  do  not  consider  the  results  as  accurate,  I  shall  give  an  ac- 
count here,  as  they  were  in  point  of  date  prior  to  any  others  that  I  was  then 
acquainted  with. 

"  A  tin  pan  of  about  five  inches  in  diameter,  and  four  inches  deep,  had  a 
hole  made  in  its  bottom,  near  one  side,  and  in  this  hole  was  soldered  a 
socket  somewhat  conical,  which  nearly  fitted  a  barometer  tube  with  which 
the  experiments  were  to  be  made.  This  tube  was  about  36  inches  long,  and 
had  a  ball  at  one  end  about  1(  inches  diameter,  the  contents  of  which  were 
nearly  equal  to  those  of  the  stem  of  the  tube ;  some  paper  was  lapped  round 
the  tube  near  the  ball,  and  it  was  forced  tight  into  the  conical  socket  of  the 
pan,  so  that  the  ball  was  within  the  latter,  at  such  a  height  that  it  might  be 
immersed  in  water.  The  tube  and  pan  were  then  inverted,  and  the  ball  was 
filled  with  clean  mercury,  and  the  stem  with  distilled  water  fresh  boiled.  The 
tube  was  re-iaverted^  so  that  the  ball  and  pan  were  uppermost ;  the  lower 
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temperature  32*  to  £12^.    They  agree  eztremdy  well 
with  thcMenxentioned  here,  rarely  diffcriiig  more  than  two 


end  of  the  tube  being  shot  by  the  flnger^  the  water 
aacended  into  the  ball^  and  the  mercorj  occipied 
the  tube.  The  lower  end  of  the  Utter  bctng  then 
placed  in  a  cistern  of  mercury,  and  releaaed  from 
the  finger,  the  mercury  and  water  descended,  and 
the  ball  was  left  partly  empty  :  being  agitated  ia 
this  position,  and  let  stand  some  time,  msch  air 
was  extricated  from  the  water;  tha  tabe  was  in- 
clined as  much  as  it  CQuld  bej  and  again  inTertcd|» 
the  air  let  out,  and  its  place  supplied  with  bailing 
water.  It  was  again  placed  with  the  ball  upper- 
most, the  end  of  the  tube  stopt»  the  pan  Ailed  with 
hot  water  which  was  made  to  boU  by  means  of  m 
lamp,  the  lower  end  of  the  tube  being  placed  1b 
the  ctftem>  and  released  from  the  finger,  the  mer- 
cury descended  into  the  cistern,  but  upon  the  wa- 
ter in  the  pan  being  snffered  to  cool,  partly  rote 
again  into  the  tube.  Much  air  was  thus  liberated, 
and  more  was  got  rid  of  by  agitation,  in  th«  man- 
ner of  the  water-hammar,  and  by  leading  it  stand* 
Ing  for  some  time  erect,  until  at  last  I  got  it  so  free 
from  air,  that  when  I  raised  it  upright,  it  support- 
ed a  column  of  mercury  S4  inches  high;  and  no 
Tacuum  was  formed  until  it  was  violently  shakeiu 
when  it  fell  down  suddenly  and  settled  at  S8.75 
inches,  but  upon  being  Inclined,  a  speck  of  air  al- 
ways remained,  though,  when  it  was  expanded  by 
a  pillar  of  mercury  27  inches  high,  this  speck  was 
not  larger  than  a  pin*s  head.* 


*  '<  I  was  much  asnsted  in  the  meant  of  freeing  tha 
water  from  air  by  Mr  D*  Luc's  very  Talnable  Trea- 
tise upon  the  Modifications  of  the  Atmosphere^ 
which  came  to  my  hands  about  this  time ;  but  I 
had  not  the  pleasure  of  meetbg  the  author  until 
long  afterward*,  when  we  commenced  a  friendship 
which  has  continued  uninterrupted  to  the  preseat 
lima.''  W. 
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or  three-tenths  of  an  inch.  He  alio  examined  the  elastic 
city  of  the  vapour  produced  from  alcohol,  and  found» 
that  when  the  elasticity  was  equal  to  that  of  the  vapour 
of  water,  the  temperature  was  about  35^  lower.  Thus, 
when  the  elasticity  of  both  was  measured  by  2SA  inches 
<rf^  mercury^  the  temperature  of  the  watery  vapour  was 
£09S  <ffid  that  of  the  spirituous  vapour  was  17S^.     When 


**  In  this  itate»  when  the  tube  was  perpendienlarf  I  found  the  SMrcurj  to 
ttaod  at  t8.f  5  inches,  the  column  of  water  above  it  was  abost  Ci  iiicbe^,  «■ 
kalf  an  indi  of  mercury.  The  whole  then  being  29.25  inches  when  the  ita* 
fkiaarj  barometer  stood  at  S9w4»  the  difference,  or  pillar  supported  bj  the 
claitkitj  of  the  steam  «>0.15  inch.  The  water  in  the  pan  was  then  heated 
smeedingly  slowly  bj  a  lamp,  and  stirred  continually  by  a  feather  to  make 
the  heat  as  equal  as  possible.    The  resalts  ore  shewn  in  the  following  Table. 


TABLE,  No.  h 


I 


74 

81 

95 

104 

118 

188 


Inches. 
0.1  S 
MS 
OJBO 
ISO 
1.75 
2.68 
8.60 


o 
135 

142 

148 

153 

157 

161 

164 


Inches. 
4.53 
5.46 
6.40 
7.325 
8.25 
9.18 

10.10 


• 

I 

X 


o 
167 

172 

175 

177.5 

180' 

182.5 

185 


Inches. 
11.07 
11.95 
12.88 
13.81 
14.73 
15.66 
16.58 


• 

s 
3 

• 

8 

1 

X 

w 

0 

Inches. 

187 

17.51 

189 

18.45 

191 

19.38 

193.5 

20.34 

196.5 

0 

21.26 

**  At  this  time  (1774)  I  tried  a  set  of  experiments  in  the  same  manner  on 
a  saturated  solution  of  common  salt.  When  this  solution  was  perfectly  satu- 
rated by  boiling,  and  was  pot  into  the  tube,  it  precipitated  a  quantity  of  salt 
which  disturbed  the  ezperiroeat.  I  was  therefore  obliged  to  take  it  out,  and 
ilter  it,  during  which  process  it  attmcteil  moisture  from  the  air,  and  appeared 
by  its  boiling  point  not  to  be  perfectly  saturafed.  Though  it  was  more  free 
from  air  than  water  is,  yet  it  parted  from  what  it  contained  with  great  diffi- 
culty, and  would  part  with  none  when  shaken  as  a  water-hammer,  though  it 
opened  in  all  parte  of  the  Hquor.  The  result  of  this  experiment  is  contained 
in  the  annexed  Table. 
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SS 


Ae  dnlfaftj  ww  18.5,  the  tempenture  of  the  wiUr  wai 
189^  and  that  of  the  alcohol  154.6.    When  the  dastid^ 
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tabu;  No.  IL 


I 


o 
46 

76 

85 

93 

113 

1S9 

189 

I  147 


Inchct, 


OuOl 
0lS6 
056 
031 
1.78 


3.54 
I    4.45 


154 
160 
165 
169 
173 
177 
180 


5.36 
6.27 
7^ 
8.19 

ao8 

9.94 
10.85 


183      11.76 


18? 

199.5 

195Ur 

198.5 

9013 

903.5 

905.5 

207 


I 


12L67 

14.5 

15.84 

16.95 

17.16 

184 

19.08 

19  94 


la  the  sunt  maoiier  I  tried  •  srt 
jolis  of  pf hich  are  oonuinetf  la  th% 


vpoB  spirit  of 
Table. 


theft- 


tabub;  No.  in. 


lachci. 
a92 
01929 
1.897 
2.896 
3.744 
4.7^ 
5.63 

I  6.58   I 


o 
190 

194^ 

198 

)99 

135 

139 

141.5 

144 


Inchct. 
7.12 
8.46 
9^ 
1034 
11.32 
19.21 
13.15 
14»1 


146L5 

148.5 

151 

15S.5 

155 

157 

160 

162.5 


Inchet. 

15X» 

15.974 

16.908 

17.85 

18.8 

19.75 

9071 

21.65 


I 


o 
164 

166 

167 

168 

169 

171 


24^7 
25.4 
2635 
273 


But.  Bar.  29*4 


"  U|ioo  coiuidcrinf  the  probable  caoso  of  the  dUteeoee.  cqieciaU  j  ia  the 

lower  heat^  between  mj  expcfinents  and  thoie  of  Mr  8oiilheni»  tolated  to 

Jul  letter  aonexed  to  this  enaj,  I  can  onl j  rcooncUe  them  by  mppoang  that 

Ihe  stationarj  baroowtcr  with  which  the  eomparitoii  was  mado,  bad  ita  icale 

fOJ.,  II.  C 
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WB8  11.05,  the  water  was  168^  and  the  alcohol  IS4^.4. 
Obierving  the  difierence  betwe^  the  temperature  of  eqiudU 


ptaoed  O.S  of  an  inch  too  low,  and  by  adding  that  qoantitj  to  the  elafticities 
IB  Table  Itt^  tbey  approadi  aterly  to  Mr  Soiitlieiii*i  esperiiMnts. 

"  If  that  conjecture  is  adopted^  the  same  addition  will  be  necesury  te 
Tablet  Sd  and  3d,  a  tbey  were  conpared  with  the  same  stationary  barometer. 

"  To  determine  the  heati  at  which  water  boih  when  pressed  by  colamns  of 
■lereary  above  30  inches,  a  tube  of  56  inches  long  was  employed  ;  one  end 
was  pnt  thoMigb  a  hole  iit  the  corer  of  a  digester,  and  Kade  tight  by  being 
lapped  roon4  with  paper,  and  within  the  digester  the  end  of  the  tube  wa» 
immersed  in  a  ciftem  of  mercnry .  A  theraometet  was  fiied  m  aliotlier  open- 
ing, so  that  the  bnlb  waa  in  the  iniide  of  tba  digester,  and  the  slevi  and  scale 
withoQt ;  BtuI  the  bulb  was  kept  half  an  ineb  from  the  eof  er  of  the  digester 
by  a  woodni  collar.  The  cover  being  fixed  on  tight,  and  the  digester  half 
filled  with  water,  it  was  heaied  hy  means  of  a  large  lamp^ . 

"  The  air  in  the  apper  part  of  the  digefeter  expanding  by  beat,  the  column 
of  mercury  ih  the  faJbe  fias  tonsi^eraUy  raised  by  that  expansion  before  the 
water  boiled.  The  air  was  let  out,  atid  the  water  heated  Co  boiling  ;  stillr 
however,  some  air  remained*  for  the  mercury  stood  at  S1S°{.  That  deduce 
tion  being  made,  the  following  Table  shows  thtt  heats  and  corresponding 
elasticities. 
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68 
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41 

244.5 
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70 

219 

33 
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42 

247 

54 

264.5 

t2 

saoo 

34 

2^4 

43 

24&5 

56 

26&5 

74 

922 

35 

235 

44 

250.5 

58 

268 

76 

328  5 

86 

236.5 

45 

252.5 

60 

9^a5 

78 

S2S 

37 

237.5 

46 

255 

62 

971 

80 

326.5 

38 

238.5 

47 

257 

64 

979.5 

89 

"  In  making  these  experiments,  the  digester  was  heated  very  slowly,  and 
fhe  bent  was  kept  8tatlanary  as  much  ta  was  posaiMe  al  each  observation,  so 
that  the  whole  series  occupied  some  hours.  The  degrees  of  elasticity  were 
observed  by  my  friend  Dr  Irvine,  whilst  I  observed  those  of  the  thermome- 
ter ia  all  the«c  experiments. 

"  With  the  whole  of  the  observations,  I  wa^  after  all,  by  no  means  satis- 
fied, ai  I  perceived  there  were  irregularities  in  the  remits  which  my  mare 
urftnt  avoeatiftaf  did  ntC  parmit  me  to  aaplore  the  canaaa  of  and  to  correct,  ' 
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]|)r  eliilic  irapooif  cf 'water  aiid  aJoohol  not  to  be  ocmitei^ 
ta  gradaally  to  dimiiusbt  in  Mr  Achard't  experimm^Mp 
ab^g  with  the  elaiticityy  it  became  interatiiig  to  dkocffit 
whethert  and  at  what  temperature^  this  dtffimnoe  wooUL 
▼anish  altogether.  £q)eriaiieiits  were  acoordingly  madft 
by  the  writer  efthie  article^  sitaiilar  to  those  made  with  w»* 
ten  Tbejr  ware  not  made  with  die  saiae  tcnqpidoiit  cai% 
nor  repeated  aa  they  detenredf  bvt  they  fiurniahed  rather  aa 
imespected  reeidt.    The  following  taUe  will  gire  die  read- 


er a  diitiiiGt  notioii  of  them 


Ttmferaturc.  Ebatiaig* 

^V  OJO 

40  0.1 

60  0.8 

80  13 

100  di9 

140  12.e 

160  81.3 

180  84. 

fiOO  <52.4 

£80  78.5 

S40  116. 


*'  The  malter  remained  in  that  state  till  1796/  when  I  requested  Mr  Soathp 
cm  to  tiy  them  orer  again,  in  the  performance  of  whidi  he  wai  aitisted  bj 
Mr  William  Creighton.  The  reioltf  of  tbeM  obfetvittienfl  are  eontaincd  in 
Hr  Soathem's  letter  to  me^  which  foUews  this  meomtr  i  and»  from  the  verif 
^reat  care  with  which  the  eiperimants  were  made«  the  known  aoceraoy  of  both 
Mr  Southem  and  Mr  Crcighioci«  and  the  agreement  of  the  experiments  widi 
one  taether,  I  haTC  feason  to  beliere  them  as  nearly  perfect  as  the  snbject 
admits  oC'  The  aethod  he  adopted  of  trying  die  elasticities  above  the  tem- 
perature of  boiling  water  by  a  pistooy  accorately  fitted  to  a  cylinder,  U  umah 
to  be  preferred  to  that  adopted  by  Dr  Bobison,  and  is  mefe  manage^e  m^* 
5^r'graetehwtidAM  than  t^t  of  hloog  pillar  of  merrary**'  W. 
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C4.  We  say  Aiat  the  result  was  unexpected ;  for  as  the  nar 
tnral  boiling  point  seemed  by  former  experiments  to  be  in  aH 
fluids  about  120^  or  more,  below  tteir  boiling  point  in  the 
ordinary  pressure  of  the  atmoiphere,  it  was  reasonable  to 
expect  that  the  temperature  at  which  they  ceased  to  emit 
sennbly  elastic  steam  would  have  some  relation  to  their  tern* 
peratures  when  emitting  steam  of  any  determinate  elaati* 
'city.  Now  as  the  vapour  of  alcohol  of  elasticity  30  has 
its  temperature  about  9|6^  lower  than  the  temperature  of 
water  equally  elastic,  it  was  to  be  expected  that  the  teni-> 
perature  at  which  it  ceased  to  be  sensibly  affected  would 
be  several  degrees  lower  than  3S^  It  is  evident,  howevei> 
that  this  is  not  the  case.  But  this  is  a  point  that  deserves 
more  attention,  because  it  is  closely  connected  with  tbQ 
chemical  relation  between  the  element  (if  such  there  be)  of 
fire  and  the  bodies  into  whose,  composiidon  it  seems  to  en* 
ter  as  a  constituent  part.  What  is  the  temperature  32^, 
to  make  it  peculiarly  connected  with  elasticity  ?  It  is  a  tern* 
perature  assumed  by  us  for  our  own  conveniency,  on  ac» 
count  of  the  familiarity  of  water  in  our  experiments.  Ether^ 
we  know,  boils  in  a  temperature  far  below  this^  as  appears 
from  Dr  Cullen's  experiments  narrated  in  the  Essays  Phy- 
sical and  Literary  of  Edinburgh.  On  the  faith  of  forme^r 
experiments,  we  may  be  pretty  certain  that  it  will  boil  in 
vacuo  at  the  temperature — 14^,  because  in  the  dr  it  boil* 
at  + 106^.  Therefore  we  may  be  certain,  that  the  steam 
or  vapour  of  ether,  when  of  the  temperature  32^,  will  be 
very  sensibly  elastic.  Mr  Lavoisier  says,  that  if  it  be  exr 
posed  in  an  exhausted  receiver  in  winter,  its  vapour  will 
support  mercury  at  the  height  of  10  inches.  A  series  of 
experiments  on  this  vapour,  similar  to  the  above,  would 
be  very  instructive.  We  even  wish  that  those  on  alcohol 
were  more  carefully  repeated.  If  we  draw  a  curve  line^  of 
which  the  abscissa  is  the  line  of  temperatures,  and  the  or> 
dinates  are  the  corr^ponding  heights  of  the  inercury  ip 
^ese  experiinents  on  water  and  alcohol,  we  shall  observ^| 
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Ibatakhough  they  both  sensibly  coincide  at  3£%  and  haire. 
the,  abscissa  for  their  common  tangent,  a  very  small  error, 
of  observation  may  be  the  canse  of  thi%  and  the  curve  which 
expresses  the  elasticity  of  spiritaous  vaponr  may  reaUy  in- 
tersect the  otheo  and  go  backwards  considerably  beyond 

£5.  Tbis  range  of  experiments  gpves  rise  to  some  curioua. 
and  important  reflections.  We  now  see  that  no  particular 
temperature  is  necessary  for  water  assuming  the  form  of  per- 
manently elastic  vapour^  and  that  it  is  highly  probable  that 
it  assumes  this  form  even  at  the  temperature  32^  $  only  its 
elasticity  is  too  snuill  to  afford  us  any  sensible  measure.  It 
is  well  knovm  that  even  ice  evaporates  (see  experiments  to 
this  purpose  by  Mr  Wikon,  in  the  Philosophical  Transac- 
tions, when  a  piece  of  polished  metal,  covered  with  hoar- 
frost, became  perfectly  clear  by  exposing  it  to  a  dry  frosty, 
wind.}. 

Even  mercury  evaporates^  or  is  converted  into  elastic 
Tapour,  when  tdl  external  pressure  is  removed.  The  dim 
film  which  may  frequently  be  observed  in  the  upper  part  of 
a  barometer  which  stands  near  a  stream  of  air,  is  found  to 
be  small  globules  of  mercury  sticking  to  the  inside  of  tho 
tube.  They  may  be  seen  by  the  help  of  a  magnifying  glas^ 
ani  are  the  best  test  of  a  well-made  barometer.  They  will' 
be  entirely  removed  by  causing  the  mercury  to  rise  along 
the  tube.  It  will  lick  them  all  up.  They  consist  of  mer- 
cury which  had  evaporated  in  the  void  space,  and  was  a& 
terwards  condensed  by  the  cold  glass.  But  the  elasticity  ia 
too  small  to  occasion  a  sensible  depression  of  the  columui 
even  when  considerably  warmed  by  a  candle. 

26.  Many  philosophers  accordingly  imagine^  that  sponta- 
neous evaporation  in  low  temperatures  is  produced  in  this 
way.  But  we  cannot  be  of  this  opinion,  and  must  still 
think  that  this  kind  of  evaporation  is  produced  by  the  dis- 
solving power  of  the  air.  When  moist  air  is  sudenly  rare- 
fied) there  is  always  a  precipitation  of  water.   This  is  oiotit 
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diglmctl^  «ten  iiAen  we  work  an  ai^-p1Imp  briddjF.    Amlit 
10  produced^  which  we  lee  pbdoly  Ml  to  the  bottom  6i  the 
xeoeiven    Bnty  bj  this  new  doctrine^  the  very  contrsry 
should  happen,  because  the  tendenqr  of  water  to  appear  in 
the  elastic  form  is  promoted  by  removing  the  external  press- 
ure ;  and  we  really  imagine  that  more  of  it  now  actuaUy 
Incomes  simple  elastic  watery  vapour.    But  the  mist  or 
-precipitation  shows  incontrovertiUy^  that  there  had  been 
m  previous  solution.  Solution  is  peiHformed  by  forces  which 
act  in  the  way  of  attraction ;  or^  to  express  it  more  safely, 
idntions  are  accompanied  by  the  mutual  approaches  of  the 
particles  of  the  menstruum  and  solvend :  §il  such  tenden- 
cies are  obttrved  to  increase  by  a  diminution  of  distance. 
Hence  it  mmi  fdlow,  that  air  of  double  density  will  dissolve 
more  than  twice  as  much  water.    Therefore^  when  we  sud- 
denly rarefy  saturated  air  (even  though  its  heat  should  not 
diminish)  some  water  must  be  let  go.    What  may  be  its 
quantity  we  know  not ;  but  it  may  be  more  than  what  would 
now  become  elastic  by  this  diminution  of  surrounding  press- 
ure ;  and  it  is  not  unlikely  but  this  may  have  some  effect  in 
producing  the  vesicles  which  we  found  so  difficult  to  ex- 
plain*   These  may  be  filled  with  pure  watery  vapour,  and 
be  floating  in  a  fluid  composed  of  water  dissolved  in  air. 
An  experiment  of  Fontana's  seems  to  put  this  matter  out 
of  doubt.    A  distilling  apparatus  AB  (fig.  4.)  was  so  con- 
trived, that  the  heat  was  applied  above  the  surface  of  the 
water  in  the  alembic  A.    This  was  done  by  inclosing  it  in 
another  vessel  CC,  filled  with  hot  water.    In  the  receiver 
B  there  was  a  sort  of  barometer  D,  with  an  open  cisteniy 
in  order  to  see  what  pressure  there  was  on  the  surface  of 
die  fluid.    While  the  receiver  and  alembic  contained  air, 
die  heat  applied  at  A  produced  no  sensible  distillation  du- 
ring several  hours ;  but  on  opening  a  cock  E  in  the  reoei- 
ter  at  its  bottom,  and  making  the  water  in  the  alembic  to 
boil,  steam  was  produced  which  toon  expelled  all  the  air, 
and  followed  it  dirough  the  cock*  The  cock  was  nowshuN 
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md  die  whole  eyoived  to  grow  cold  I7  Nmonng  die  In^ 
and  epptymg  oold  water  to  die  akmbK.  The  benomaler 
fieU  to  a  lefd  nemify ;  thai  waxm  water  was  aBowed  to  gel 
into  the  outer  void  CC.  The  barometer  loae  a  litde^  and 
die  dkdUation  went  on  bruidy  widioiit  the  wnallert  eboDi- 
tkm  in  tiie  ahinhfc.  The  concfanion  is  obvioos:  whik 
there  was,  air  in  the  receiver  and  comnmnicating  pipc^  the 
distillation  proceeded  entirdy  by  the  dissohring  power  of 
tbis  air.  Above  die  water  in  the  alembic  it  was  qoicklya^* 
tarated ;  and  this  saturation  proceeded  slowly  akmg  the 
sdn  air  in  the  commnnicaring  pipe^  and  at  last  mig^t  take 
place  throng  the  whole  of  the  receiver.  The  sides  <tf  the 
reodver  being  kept  cold,  should  condense  part  (rf*  the  water 
dissolved  in  the  air  in  contact  with  them,  and  this  shodd 
trickle  down  the  sides  and  be  cdlected.  But  any  penoa 
who  has  observed  how  long  a  crystal  oi  Une -vitriol  will  lie 
at  the  bottom  of  a  glass  of  sdU  water  befinre  the  dnge  will 
reach  the  surface^  wSI  see  that  it  must  be  next  to  impoe- 
sible  for  distillation  to  go  on  in  these  circumstances ;  and 
accordingly  none  was  observed.  But  wh«t  the  upper  part 
of  the  apparatus  was  filled  widi  pure  watery  vapour,  it  was 
supplied  from  the  alembic  as  fast  as  it  was  condensed  in 
the  receiver,  just  as  in  the  pulseoglass. 

27*  Another  inference  which  may  be  drawn  from  these  ex* 

periments  is,  that  Nature  seems  to  affect  a  certain  law  in  the 

dilatation  of  aeriform  fluids  by  heat.    They  seem  to  be  di» 

latable  nearly  in  the  proportion  of  their  present  dilatation. 

For  if  we  suppose  that  the  vapours  resemble  air,  in  having 

tk^  elasticity  in  any  given  temperature  prc^rtional  to  their 

densi^,  we  must  suppose  that  if  steam  of  the  elasticity  60^ 

that  is,  supporting  60  inches  of  mercury,  were  subjected  to 

a  pressoe  of  dO  inches,  it  would  expand  into  twice  its  pre* 

sent  bulk.  •  The  augmentation  of  elasddty  thereibre  is  the 

measure  of  die  bulk  into  which  it  would  expand  in  order 

to  acquire  its  former  elasticity.    Taking  the  increase  of 

•elastidtys  therefore,  as  a  measure  of  the  bulk  into  which  it 

11 
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W9iM  mqmad  vmdiar  eno  emitatit  pMMir6>  we  Me  Aat 
mpul  incremints  of  temperatiire  ptoduoe  aeeify  equal  mul- 
tqaiioitloBtof  balk.  Tbu%  if  a  oertain  dlmkltttkm  of  leuw 
ptfmtavi  dimiiiiabea  ita  bulk  |th,  another  equal  diuiuuttoti 
af  tenpRuture  wiD  dimiBiih  this  new  bulk  ith  very  nearly. 
Thta^  in  our  experlttenti»  the  tempemtures  1 10%  14(f  t 
I1W^>  fOO%  M0%  ate  in  arithtnedeal  progression,  hating 
e|nl  ditfersnees  $  and  we.  see  that  the.eorresponding  dam^ 
tkatiesy  tt,e5,  5.15»  11.05,  afi.Oe,  44.7»  •re  very  nearly  in 
llMCQntinned  proportion  of  1.  to  9^  The  elastidly  eorre-^ 
sponding  to  ^e  temperature  fl60^  deviates  considerably 
ftem  this  law,  which  would  give  88  er  89  instead  of  80; 
and  the  deviation  increases  in  the  higher  temperatures* 
But  stiU  we  see  that  there  is  a  considerable  approximation 
fa  this  law ;  and  it  will  frequently  assist  us  to  recdlect^ 
that  whatever  be  the  present  temperature^  an  Increase  of 
SO  degrees  doubles  the  dastidty  and  the  bulk  of  watery 
va|ionr. 

That  4^  will  increase  the  elasticity  from  1  to  1  x*^ 

8  -           -  •  ItolJ 

10  -  -  1  to  1 1 

12}  -  -  1  to  1 J 

18  *            -  -  1  to  1 1 

M  -  -  1  to  1  S 

M  -  -*  1  tolf 

26  -            •  *  1  to  1| 

This  is  sufficiently  exact  for  most  practical  purposes.  Thus 
an  oigineer  finds  that  the  injection  cook  the  cylinder  of  a 
ateam-engine  to  l^t^  It  therefore  leaves  a  steam  whose 
elasticiQr  is  three-fiiths  of  its  fiill  elasticity,  a  18  inches  of 
Alercury*  Bat  it  is  better  at  all  times  to  have  recourse 
to  die  table.  Observe,  too»  that  in  the  lower  temperaturesy 
i«  e,  below  1 10^,  this  increment  of  temperature  does  more 
<|uui  doidbie  the  elastici^. 
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iS.  Tbift  hw  obtains  more  remarkablj  in  the  ineoercibk 
vapoun,  such  as  yitid  air,  atmo^eric  air,  fixed  air,  &c» 
aH  of  which  have  also  their  dastid^  proportional  to  their 
bulk  inversely ;  and  perhaps  the  deviation  from  the  law  in 
steams  is  connected  with  their  chemical  difference  of  con- 
stitution. If  the  bulk  were  always  augmented  in  the  same 
proportion  by  equal  augmentations  of  temperature,  the 
ela^cities  would  be  accurately  represented  by  the  ordinates 
of  a  logarithmic  curve^  of  which  the  temperatures  are  the 
corresponding  abscissas;  and  we  might  contrive  such  a 
scale  for  our  thermometer,  that  the  temperatures  would  be 
the  common  logarithms  of  the  elasticities^  or  of  the  bulks 
having  equal  elasticity ;  or,  with  our  present  scal^  we  may 
find  such  a  multiplier  m  for  the  number  x  of  d^rees  of  our 
thermemcter  (above  that  temperature  where  the  elasticity 
is  equal  to^  unity),  that  this  multiple  shall  be  the  common 
logarithm  of  the  elasticity  y ;  so  that  mx  =;  log.  y^ 

But  our  experiments  are  not  sufficiently  accurate  for  de- 
termining the  temperature  where  the  elasticity  is  measured 
by  1  inch ;  because  in  these  temperatures  the  elasticities 
Vary  by  exceedingly  small  quantities^   But  if  we  take  1 1.05 
for  the  unit  of  elasticity,  and  number  our  temperature  from 
170^^  and  make  m  =  0.010035^  we  shall  find  the  product 
mx  to  be  very  nearly  the  logarithm  of  the  elasticity.    The 
deviations,  however,  from  this  law^  are  too  great  to  make 
this  equation  of  any  use.     But  it  is  very  practicable  to 
frame  an. equation  which  shall  correspond  with  the  experi- 
ments to  any  degree  of  accuracy ;  and  it  has  been  done  for  air 
in' a  translation  of  General  Roy's  measurement  of  the  Base 
at  Hounslow  Heath,  into  French,  by  Mr  Prony.    It  is  aa 
follows :  Let  x  be  the  d^rrecs  of  Reaumur's  thermometer ; 
let  y  be  the  expansion  of  10,000  parts  of  air ;  letebe  =  10^ 
m  :±  2.7979* «  =  0.01 768 :  then  y  =  c  «+»  *— 6t7.5.  Now  e 
being  =:  10^  it  is  plain  that  c  i»-h»'  is  the  number,  of  which 
m-lMix  is  the  common  logarithm.    This  formula  is  very 
ssxact^  as  fiur  as  the  temperature  60 }  but  beyond  this  it 

10 
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Aeeds  a  correctioliy  because  air,  like  the  vapour  of  watery 
does  not  expand  in  the  exact  proportion  of  its  bulk. 

£9.  We  observe  this  law  considerably  approximated  to  in 
tfie  augmentation  of  the  bulk  or  elasticity  of  elastic  vapours ; 
that  \9,  it  is  a  fact  that  a  given  increment  of  temperature 
inakes  very  nearly  the  same  proportional  augmentation  of 
bulk  and  elasticity.  This  gives  us  some  notion  of  the  man- 
ner in  which  the  supposed  expanding  cause  produces  the 
effect.  When  vapour  of  the  bulk  4  is  expanded  into  a 
bulk  5  by  an  addition  of  10  degrees  of  sensible  heat*  a  cer- 
tun  quantity  of  fire  goes  into  it,  and  is  accumulated  round 
each  particle,  in  such  a  manner  that  the  temperature  of 
eacbf  which  formerly  was  m,  is  now  m+lO.  Let  it  now 
receive  another  equal  augmentation  of  temperature.     This 

U  now  m+W,  and  the  bulk  is or  Gf ,  and  the  arithme* 

4 

ileal  increase  of  bulk  is  If.  The  absolute  quantity  of  fire 
which  has  entered  it  is  greater  than  the  former,  both  on 
account  of  the  greater  augmentation  of  space  and  the  great- 
er temperature.  Consequently  if  this  vapour  be  compressf- 
ed  into  the  bulk  5,  there  must  be  heat  or  fire  in  it  which  is 
not  necessary  for  the  temperature  m+^0,  far  less  for  the 
temperature  m+\0.  It  must  therefore  emerge,  and  be 
disposed  to  enter  a  thermometer  which  has  already  the 
temperature  m+20:  that  is,  the  vapour  must  grow  hotter 
by  compression ;  not  by  squeezing  out  the  heat  like  water 
out  of  a  sponge,  but  because  the  law  of  attraction  for  heat  is 
deranged.  It  would  be  a  very  valuable  acquisition  to  our 
knowledge  to  learn  with  precision  the  quantity  of  sensible 
heat  produced  in  this  way ;  but  no  satisfactory  experiments 
have  yet  been  made.  M.  Lavoisier,  with  his  chemical 
friends  and  colleagues^  were  busily  employed  in  this  inqui- 
ry ;  but  the  wickedness  of  their  countrymen  deprived  the 
World  of  this  and  many  other  important  additions  which  we 
might  have  expected  from  this  celebrated  and  unfortunate 
philosopher.    He  had  made^  in  conjunction  with  M.  de 
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Iei  Places  a  numeroiu  traiil  of  aoeante  and  eKpeniive  expe- 
riments for  measuring  the  quantit]^  of  latent  or  oorabined 
heat  in  elaatic  vapours.  This  is  evidently  a  very  import- 
ant point  to  the  distiller  and  practical*  chemist  This  heat 
nrast  all  come  from  the  fuel;  and  it  is  greatly  worth 
while  to  know  whether  any  saving  may  be  made  of  this  ar- 
ticle. Thus  we  know  that  distillation  will  go  on  either  un- 
der the  pressure  of  the  air,  or  in  an  alembic  and  receiver 
from  which  the  air  has  been  expelled  by  steam ;  and  we 
kno^  that  this  last  may  be  conducted  in  a  very  low  tempe- 
ratarci  even  not  exceeding  that  of  the  human  body.  But 
it  is  uncertain  whether  this  may  not  employ  even  a  greater 
quantity  of  tuA,  as  well  as  occasion  a  great  expence  of 
time.  We  are  disposed  to  think,  that  when  there  is  no  air 
in  the  apparatus,  and  when  the  condensation  can  be  speedily 
performed,  the  proportion  offud  expended  to  the  fluid  which 
comes  over^  will  diminish  continuidly  as  the  heat,  and  con- 
sequently the  density  of  the  steam  is  augmented,  because  in 
diis  case  the  quantity  of  combined  heat  must  be  less.  In 
the  mean  time,  we  earnestly  recommend  the  trial  of  this 
mode  of  distillation  in  vessels  cleared  of  air.  It  is  undoubt- 
edly of  great  advantage  to  be  able  to  work  with  smaller 
fires,  and  it  would  secure  us  against  all  accidents  of  blow- 
ing <^  the  head  of  the  still,  often  attended  with  terrible 
consequences. 

We  must  not  conclude  this  article  without  taking  notice 
ef  some  natural  phenomena  which  seehi  to  owe  their  origin 
to  the  action  of  elastic  steam. 

The  wonderful  appearances  of  the  Geyzer  spring,  in 
Iceland,  are  undoubtedly  produced  by  the  expansion  of 
steam  in  ignited  caverns.  Of  these  appearances  we  sup- 
pose the  whole  train  to  be  produced  as  foHows. 

50.  A  cavern  may  be  supposed  of  a  shape  analogous  to 
CBDEF(fig.  5.)9  having  a  perpendicuhur  funnel  A  B  is- 
suing from  a  depressed  part  of  the  root    Tbe  part  F  may 
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be  lower  than  tbe  rest^  remote^  and  red*hot«    Sach  placea 
we  know  to  be  frequent  in. Iceland.  ^  Water  may  be  conti- 
noalljr  trickling  into  the  part  Ct).  It  will  fill  it  up  to  B,  and 
^en  up  to  Ee,  and  then  trickle  slowly  along  into  F.    As 
soon  as  any  gets  into  contact  with  an  ignited  part»  it  ex- 
pands into  elastic  steam^  and  is  partly  condensed  by  the 
cold  sides  of  the  cayern,  which  it  gradually  warms,  till  it 
condenses  no  more.    This  production  oC  steam  hinders  not 
in  the  smallest  degree  the  trickling  of  more  water  into  Fy 
and  the  continual  production  of  more  steam.     This  now 
presses  on  the  surface  of  the  water  in  CD,  and  causes  it  to 
rise  gradually  in  tlie  funnel  B A ;  but  slowly^  because  its 
cold  surface  is  condensing  an  immense  quantity  of  steam. 
We  may  easily  suppose  that  the  water  trickles  faster  into 
F  than  it  is  expended  in  the  production  of  steam ;  so  that 
it  reaches  farther  into  the  ignited  part,  and  may  even  fall 
in  a  stream  into  some  deeper  pit  highly  ignited.     It  will 
now  produce  steam  in  vast  abundance,  aud  of  prodigious 
elasticity;  and  at  once  push  up  the  water  through  the 
funnel  in  a  solid  jet,  and  to  a  great  height.     This  must 
continue  till  the  surface  of  the  water  sinks  to  BD.    If  the 
lower  end  of  the  funnel  have  any  inequalities  or  notches,  as 
is  most  likely^  the  steam  will  get  admission  along  with  the 
water,  which  in  this  particular  place  is  boiling  hot,  being 
superficial^  and  will  get  to  the  mouth  of  the  funnel,  while 
water  is  still  pressed  in  below«     At  last  the  steam  gets  in 
at  B  on  all  sides ;  and  as  it  is  converging  to  B^  along  the 
surface  of  the  water,  with  prodigious  velocity,  it  sweeps 
along  with  it  much  water,  and  blows  it  up  through  the 
funnel  with  great  force.   When  this  is  over,  the  remaining 
steam  blows  out  unmixed  with  water,  growing  weaker  as  it 
is  expended,  till  the  bottom  of  the  funnel  is  again  stopped 
by  the  water  increasing  in  the  cavern  CBD.    All  the  phe- 
nomena above  ground  are  perfectly  conformable  to  the  ne- 
cessary consequences  of  this  very  probable  construction  of 
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tbe  eavern.  The  feeling  of  being  lifted  upi  Immediatdy 
before  the  j^  in  all  probability  is  owing  to  a  real  heaving 
up  of  the  whole  roof  of  the  cavern  by  the  first  expansion  of 
the  great  body  of  steam.  We  had  an  accurate  description 
of  the  phenomena  from  persons  well  qualified  to  judge  of 
these  matters*  who  visited  these  celebrated  springs  in  1789* 
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STEAM-ENGINE. 


Steam-Engine,  is  the  name  of  a  machine  which  derives 
its  moving  power  from  the  elasticity  and  condensibility  of 
the  steam  of  boiling  water.  It  is  the  most  valuable  present 
which  the  arts  of  life  have  ever  received  from  the  philoso- 
pher»  The  mariner's  compass^  the  tdescope,  gunpowder, 
and  other  most  useful  servants  to  human  weakness  and  in- 
geDuity»  were  the  productions  of  chance,  and  we  do  not 
exactly  know  to  whom  we  are  indebted  for  them  ;  but  the 
steam-engine  was,  in  the  very  beginnings  the  result  of  re« 
flection,  and  the  production  of  a  very  ingenious  mind;  and 
every  improvement  it  has  received,  and  every  alteration  in 
its  construction  and  principles,  were  also  the  results  of 
philosophical  study. 

1.  The  steam-engine  was  beyond  all  doubt  first  invented 
by  the  marquis  of  Worcester  during  the  reign  of  Charles  II. 
This  nobleman  published  in  1663  a  small  book,  entitled 
*}  A  Century  of  Inventions,'*  giving  some  obscure  and  enig- 
matical account  of  im  hundred  discoveries  or  contrivances 
of  his  own,  which  he  extols  as  of  great  importance  to  the 
public*  ,He  iq)pears  to  have  been  a  person  of  much  know- 
ledge and  great  ingenuity :  but  his  description  or  accounts 

*  "  In  Hero  of  Aleiandria't '  Spiritalia/*  there  are  two  tojs  moTing  bj 
ateain,  described  in  propositions  50  and  71.  They  are  both  mov^d  on  the  prin- 
ciple of  Barker's  mill,  by  steam  issuing  from  an  eolopile^  moreftble  ronad  a 
«f  Btre  or  §xlh  Mid  not  of  a  natsre  to  be  of  any  real  vi»."    Wt 
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of  these  myentions  seem  not  so  much  intended  to  mstruet 
the  pablic»  as  to  raise  wonder ;  and  his  encomiums  on  their 
utility  and  importance  are  to  a  great  degree  extraragantt 
resembling  more  the  puff  of  an  advertising  tradesman  than 
the  patriotic  communications  of  a  gentleman.  The  marquis 
of  Worcester  was  indeed  a  projector,  and  very  importunate 
and  mysterious  withal  in  his  applications  for  public  enoou* 
ragement  His  account,  however,  of  the  steam-engine^ 
although  by  no  means  fit  to  give  us  any  distinct  notions  of 
its  structure  and  operation,  is  exact  as  &r  as  it  goes,  agrees 
iDg  precisely  with,  what  we  now  know  of  the  subject*  It 
is  No.  68.  of  his  inventions.  His  words  are  as  foOow 
'<Tbis  admirable  method  which  I  propose  of  raising  water 
by  the  &rce  of  fire  has  no  bounds  if  the  vessels  be  strong 
enough :  fiir  I  have  taken  a  cannon,  and  having  fiOed  It 
three»fourths  full  of  wsto*,  and  shut  up  its  mnzale  and 
touch-hole^  and  exposed  it  to  the  fire  for  94  hours,  it  burst 
with  A  great  explosion.  Having  afterwards  discovered  a 
method  of  fortifying  vessels  internally,  and  cmnbined  them 
in  such  a  way  that  tbqr  filled  and  meted  alternately,  I  have 
made  the  water  qfiont  in  an  nnintemiptBd  stream  40  fiset 
high;  jmd  one  vessel  of  rarefied  water  raised  40  of  odd 
water.  The  person  who  conducted  the  operation  had  no* 
thing  to  do  but  turn  two  cocks ;  so  that  one  vessel  of  water 
being  consumed,  another  begins  to  forces  and  then  to  fill 
itself  with  cold  water,  and  so  on  in  succession.** 

fi.  It  does  not  appear  that  the  noble  inventor  could  ever 
interest  the  public  by  these  accounts.  His  character  as  a 
projector,  and  the  many  fiulures  which  persons  of  this 
turn  of  mind  daily  experience,  probably  prejudiced  people 
against  him,  and  prevented  all  attentioil  to  his  projects.  It 
was  not  UU  towards  the  end  of  the  century,  when  experi- 
mental philosophy  was  prosecuted  all  over  Europe  with 
uncommon  ardour,  Uiat  these  notions  again  engaged  atten* 
tion.  Captain  Savary,  a  person  also  of  great  ingenuity 
and  ardent  mind,  saw  the  reality  and  practicability  of  the 
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marqms  of  WcMroester^s  project.  He  knew  die  great  ex* 
pansiye  power  of  stemn,  and  had  discovered  the  incon* 
oeivable  rigidity  with  which  it  is  reconyerted  into  water  by 
cold ;  and  he  soon  contrived  a  madiine  for  raising  water^ 
in  which  both  of  these  properties  were  employed.  He  saySf 
that,  it  was  entirely  his  own  invention.  Dr  Desagoliers 
insists  that  he  only  copied  the  marquis's  invention,  and 
charges  him  with  gross  pla^arism,  and  with  having  bought 
up  and  burned  the  copies  of  the  marquis's  book,  in  order 
to  secure  the  honour  of  the  discovery  to  himself.  This  is  a 
▼ery  grievous  diarge,  and  should  have  been  substantiated 
by  very  distinct  evidence.  Desaguliers  produces  none 
•och ;  and  he  was  much  too  late  to  know  what  happened 
at  that  time.  The  argument  which  he  ^ves  is  a  very 
Ibolish  one,  and  g»ve  him  no  title  to  consider  Savary's  exr 
periment  as  a  falsdiood ;  for  it  might  have  happened  pre- 
cisely as  Savary  relates,  and  not  as  it  hiq)pened  to  Desa- 
guliers. The  &ct  is^  that  Savary  obtained  his  patent  cS 
invention  after  a  healing  of  objections,  among  which  the 
discovery  of  the  marquis  of  Worcester  was  not  mentioned; 
and  it  is  certain  that  the  account  givm  in  the  ^<  Century  of 
Inventions"  could  instruct  no  person  who  was  not  suflS- 
ciently  acquainted  with  the  prc^rties  of  steam  to  be  able 
to  invent  the  machine  himself. 

6.  Captain  Savary  obtained  his  patent  after  hamng  actually 
erected  several  machines,  of  which  he  gave  a  description  in 
a  book  entitled  ^<  The  Miner's  Friend,''  published  in  l6g6| 
and  in  another  work  published  in  J  699.  Much  about  this 
time,  Dr  Papin,  a  Frenchman  and  fellow  of  the  Royal 
Society,  invented  a  method  of  dissolving  bones  and  other 
animal  solids  in  water,  by  confining  them  in  close  vessels, 
which  he  called  digesters,  so  as  to  acquire  a  great  degree 
of  heat.  For  it  must  be  observed  in  this  place,  that  it  had 
been  discovered  long  before  (in  1684)  by  Dr  Hooke,  the 
most  inquisitive  experimental  philosopher  of  that  inquisi- 
tive ag^  that  water  could  not  be  made  to  acquire  above  a 
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certain  temperature  in  the  open  air;  and  tbat  as  soon  as 
It  begins  to  boil,  its  temperature  remains  fixed,  and  an  in- 
crease of  heat  only  produces  a  more  violent  ebullition,  and 
a  more  rapid  waste.  But  Papin's  experiments  made  the 
elastic  power  of  steam  Very  familiar  to  him  ;  and  when  he 
left  England  and  settled  as  professor  of  mathematics  at 
Marpurgh,  he  made  many  awkward  attempts  to  employ 
this  fojrce  in  mechanics,  and  even  for  raising  water.  It 
appears  that  he  had  made  experiments  with  this  view  in 
J  698,  by  order  of  Charles,  landgrave  of  Hesse.  For  this 
reason  the  French  afiect  to  consider  him  as  the  inventor  of 
tlie  ftteam-engine*  He  indeed  pubh'shcd  some  account  of 
his  invention  in  1707 ;  but  he  acknowledges  that  Captain 
Savary  had  also,  and  without  any  communication  with 
him,  invented  the  same  thing.  Whoever  will  take  the 
trouble  of  looking  at  the  description  which  he  has  given  of 
these  inventions,  which  are  to  be  seen  in  the  Jcta  Erudito^ 
rum  Lipsia,  and  in  Leupold's  Theatrum  Machinarum,  will 
see  that  they  are  most  awkward,  absurd^  and  impracticable.* 
llis  conceptions  of  natural  operations  were  always  vague 
and  imperfect,  and  he  was  heither  philosopher  nor  me- 
chanician. 

We  are  thus  anxious  about  the  claim  of  those  gentlemen, 
because  a  most  respectable  French  author,  Mr  Bossut,  says 
in  his  Hydrodynamique,  that  the  first  notion  of  the  steam- 
engine  was  certainly  owing  to  Dr  Papin,  who  had  not  only 
invented  the  digester,  but  had,  in  I6g5,  published  a  little 
performance  describing  a  machine  for  raising  wateij  in 
which  the  pistons  are  moved  by  the  vapour  of  boiling  water 
alternately  dilated  and  condensed.  Now  the  fact  is,  that 
Papin*s  first  publication  was  in  1707,  and  his  piston  is  no- 
thing more  than  a  floater  on  the  surface  of  the  water,  to 
prevent  tKe  waste  of  steam  by  condensation ;  and  the  return 
of  the  piston  is  not  produced,  as  in  the  steam-engine,  by 
the  condensation  of  the  steam,  but  by  admitting  the  air  and 
a  column  of  water  to  press  it  back  into  its  place.    The 
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whole  ccmtrivancc  is  so  awkward,  and  so  unlike  any  distinct 
notions  of  the  subject,  that  it  cannot  do  credit  to  any  per- 
son. 

4.  We  may  add,  that  much  about  the  same  time,  Mr 
Amontons  contrived  a  very  ingenious  but  intricate  machine, 
which  he  called  a  Jire-wheeL  It  consisted  of  a  number  of 
dose  buckets  placed  in  the  circumference  of  a  wheel,  and 
communicating  with  each  other  by  very  intricate  circuitous 
passages.  One  part  of  this  circumference  was  exposed  to 
the  heat  of  a  fuirnace,  and  another  to  a  stream  or  cistern  of 
oold  water.  The  communications  were  so  disposed,  that 
the  steam  produced  in  the  buckets  on  one  side  of  the  wheel 
drove  the  water  into  buckets  on  the  other  side,  so  that  one 
side  of  the  wheel  was  always  much  heavier  than  the  other; 
and  it  must  therefore  turn  round,  and  may  execute  some 
work.  The  death  of  the  inventor,  and  the  intricacy  of  the 
machine,  caused  it  to  be  neglected.  Another  member  of 
the  Parisian  academy  of  sciences  (Mr  Deflandes)  also  pre- 
sented to  the  academy  a  project  of  a  steam-wheel,  where 
the  impulsive  force  of  the  vapour  was  employed ;  but  it 
met  with  no  encouragement.  The  English  engineers  had 
by  this  time  so  much  improved  Savary's  first  invention, 
that  it  supplanted  all  others.  We  have  therefore  no  hesi- 
tation in  giving  the  honour  of  the  first  and  complete  in- 
vention to  the  marquis  of  Worcester ;  and  we  are  not  dis- 
posed to  refuse  Captain  Savary's  claim  to  originality  as  to 
the  construction  of  the  machine,  and  even  think  it  probable 
that  his  own  experiments  made  him  see  the  whole,  inde- 
pendent of  the  marquis's  account.* 

Captain  Savary's  engine,  as  improved  and  simplified  by 
himself,  is  as  follows. 

5.  A  (fig.  6.)  represents  a  strong  copper  boiler  properly 


*  "  It  does  not  appear  that  the  marqais  of  Worcester  knew  any  thing  of  the 
use  ef  an  injection^  as  the  machine  described  by  him  operated  only  by  the 
ezpansiTe  force  of  steam  ;  whereas  the  injection  was  used  in  Salary *s  eagine 
from  the  begioaiogi  and  is  in  all  probability  his  invention."    W. 


'buflt  up  in  afumace.  There  proceeds  from  its  top  a  Uo^ge 
steam-pipe  6,  which  enters  into  the  top  of  another  strong 
vessel  R^  caUed  the  beceiver.  This  pipe  has  a  cock  at  Cp 
called  the  steam-cock.  In  the  bottom  of  the  receiver  is  a 
pipe  I],  which  communicates  sidewise  with  the  rising  pipe 
KGH.  The  lower  end  H  of  this  pipe  is  immersed  in  the 
water  of  the  pit  or  well,  and  its  upper  part  K  opens  into 
the  cistern  into  which  the  water  is  to  be  delivered.  Imme- 
diately below  the  pipe  of  communication  F  there  is  a  valve 
G,  opening  when  pressed  from  below,  and  shutting  when 
pressed  downwards.  A  similar  valve  is  placed  at  I^  imme- 
diately above  the  pipe  of  communication.  Lastly,  there  is 
a  pipe  ED,  which  branches  off  from  the  rising  pipe,  and 
enters  into  the  top  of  the  receiver.  This  pipe  has  a  cock 
D,  caDed  the  injection-cock.  The  mouth  of  the  pipe 
ED  has  a  nozzle  /  pierced  with  small  holes,  pointing  from 
a  centre  in  every  direction.  The  keys  of  the  two  cocks  C 
and  D  are  united,  and  the  handle  g  A  is  called  the  regu- 
lator. 

Let  the  regulator  be  so  placed  that  the  steam-cock  C  is 
open  and  the  injection-cock  D  is  shut;  put  water  into  the 
boiler  A,  and  make  it  boil  strongly.  The  steam  coming 
from  it  will  enter  the  receiver,  and  gradually  warm  it^ 
much  steam  being  condensed  in  producing  this  effect. 
When  it  has  been  warmed  so  as  to  condense  no  more^  the 
steam  proceeds  into  the  rising  pipe ;  the  valve  G  remains 
shut  by  its  weight ;  the  steam  lifts  the  valve  I,  and  gets 
into  the  rising  pipe,  and  gradually  warms  it.  When  the 
workman  feels  this  to  be  the  case,  or  hears  the  rattling  of 
the  valve  I,  he  immediately  turns  the  steam-cock  so  as  to 
shut  it,  the  injection-cock  still  remaining  snut  (at  least  we 
may  suppose  this  for  the  present)*  The  apparatus  must 
now  cool,  and  the  steam  in  the  receiver  collapses  into  wa- 
ter. There  is  nothing  now  to  balance  the  pressure  of  the 
atmosphere ;  the  valve  I  remains  shut  by  its  weight ;  but 
fbe  tar  incumbent  on  the  water  in  the  pit  presses  up  tins 
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water  through  the  suction-pipe  HG^  and  causes  it  to  lift 
the  yalve  69  and  flow  into  the  receiver  R,  and  fill  it  to  the 
top,  if  not  more  than  90  or  25  feet  above  the  surface  of  the 
pit-waten 

The  steam-cock  is  now  opened.  The  steam  which  during 
the  cooling  of  the  receiver  has  been  accumulating  in  the 
boiler,  and  acquiring  a  great  elasticity  by  the  action  of  the 
fire^  now  rushes  in  with  great  violence,  and  pressing  on  the 
lur&ce  of  the  water  in  the  receiver,  causes  it  to  shut  the 
valve  O  and  open  the  valve  I  by  its  weight  alone,  and  it 
now  flows  into  the  rising  pipe^  and  would  stand  on  a  level 
if  the  elasticity  of  the  steam  were  no  more  than  what  would 
balance  the  atmospherical  pressure*  But  it  is  much  more 
than  this,  and  therefore  it  presses  the  water  out  of  the  re- 
ceiver into  the  rising  pipe,  and  will  cause  it  to  come  out 
at  K^  if  the  elasticity  of  the  steam  is  sufiiciently  great.  In 
order  to  ensure  this,  the  boiler  has  another  pipe  in  its 
tc^  covered  with  a  iq/f/y-valve  V,  which  is  kept  down  by 
a  weight  W  suspended  on  a  steelyard  LM.  This  weight  is 
so  adjusted  that  its  pressure  on  the  safety-valve  is  somewhat 
greater  than  the  pressure  of  a  column  of  water  V  /:  as  high 
as  the  point  of  discharge  K.  The  fire  is  so  regulated  that 
the  steam  is  always  issuing  a  little  by  the  loaded  valve  V. 
The  workman  keeps  the  steam-valve  open  till  he  hears  the 
valve  I  rattle.  This  tells  him  that  the  water  is  all  forced  out 
of  the  receiver,  and  that  the  steam  is  now  following  it.  He 
immediately  turns  the  regulator  which  shuts  the  steam- 
oock,  and  now,  for  the  first  time^  opens  the  injection-cock. 
The  cold  water  trickles  at  first  through  the  holes  of  the 
nozzle  y,  and  falling  down  through  the  steam,  begins  to 
condense  it;  and  then  its  elasticity  being  less  than  the 
pressure  of  tlie  water  in  the  pipe  KED^  the  cold  water 
ipouts'in  all  directions  through  the  nozzle,  and,  quick  as 
thought,  produces  a  complete  condensation.  The  valve  G 
now  opens  again  by  the  pressure  of  the  atmosphere  on  the 
Ivater  of  the  pit,  and  the  receiver  is  soon  filled  with  cold 
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Wftter.  The  injectioii-cock  is  now  shutf  and  die  «tem- 
oock  opened,  and  the  whole  operation  is  now  repeated; 
and  so  on  continually. 

This  is  the  simple  account  of  the  prpeessy  and  will  serve  to 
give  the  reader  an  introductory  notion  of  the  operation; 
but  a  more  minute  attrition  must  be  paid  to  many  parti- 
culars before  we  can  see  the  properties  and  defects  of  this 
ingenious  madiine. 

6.  The  water  is  driven  along  the  rising  pipe  by  the  elasti- 
city of  the  steam.  This  must  in  the  boiler,  and  every  part 
of  the  machine,  exert  a  pressure  on  every  square  inch  off 
the  vesseb  equal  to  that  of  the  upright  column  of  water. 
Suppose  the  water  to  be  raised  100  feet,  about  25  of  this 
may  be  done  in  the  suction-pipe ;  that  is,  the  upper  part 
of  the  receiver  may  be  about  £5  feet  above  the  sur&ce  of 
tiie  pit-water.  The  remaining  75  must  be  done  by  forcing 
and  every  square  inch  of  the  boiler  will  be  squeezed  out  by 
«*pressnre  of  more  than  30  pounds.  This  very  moderate 
height,  therefor^  requires  very  strong  vessels ;  and  the 
marquis  of  Worcester  was  wdl  aware  of  the  danger  of  thdr 
bursting.  By  consulting  the  table  of  the  elasticity  of  steam 
deduced  from  our  experiments  mentioned  in  the  preceding 
article^  we  see  that  this  temperature  must  be  at  least  %65^ 
of  Fahrenheit's  thermometer.  In  this  heat  soft  solder  is  weak, 
and  spelter  solder,  or  good  rivetting,  ought  only  to  be  used. 
Accordingly,  in  a  machine  erected  by  Captain  Savary,  the 
workman  having  loaded  the  safety-valve  a  little  more  than 
usual  to  .make  the  engine  work  more  briskly,  the  boiler 
burst  with  a  dreadful  explosion,  and  Uew  up  the  furnace 
and  adjoining  parts  of  the  building  as  if  it  had  been 
gunpowder.  Mr  Savary  succeeded  pretty  well  in  raising 
moderate  quantities  of  water  to  small  heights,  but  could 
make  nothing  of  deep  mines.  Many  attempts  were  made^ 
on  the  marquis's  principle,  to  strengthen  the  vessels  from 
within  by  radiated  bars  and  by  hoops,  but  in  vain.  Very 
sffiaU  boilen  or  evap<Nrators  were  then  tried,  kept  r^-hot. 
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or  nearly  ao^  and  supplied  with  a  slender  stream  of  water 
trickling  into  them  $  but  this  afforded  no  opportuni^  of 
making  a  collection  of  st^am  daring  the  refrigeration  of  the 
receiver,  so  as  to  have  a  magazine  of  steam  in  readiness 
fiir  the  next  forcing  operation ;  and  the  working  of  such 
machines  was  always  an  employment  of  great  danger  and 
anxiety. 

7.  The  only  situation  in  which  this  machine  could  be  em- 
ployed with  perfect  safety^  and  with  some  effect»  was  where 
the  whole  lift  did  not  exceed  30  or  S5  feet  In  this  case  the 
greatest  part  of  it  was  performed  by  the  suction-pipe^  and 
a  very  manageable  pressure  was  sufficient  for  the  rest.  Se- 
veral machines  of  this  kind  were  erected  in  England  about 
the  beginning  of  the  18th  century.  A  very  large  one  was 
oected  at  a  salt-work  in  the  south  of  France.  Here  the 
water  was  to  be  raised  no  more  than  18  feet.  The  receiver 
was  capacious^  and  it  was  occasionally  supplied  with  steam 
from  a  small  salt-pan  constructed  on  purpose  with  a  cover» 
The  entry  of  the  steam  into  the  receiver  merely  allowed  the 
water  to  run  out  of  it  by  a  large  valve,  which  was  opened 
by  the  hand^  and  the  condensation  was  produced  by  the 
help  of  a  small  forcing  pump,  also  worked  by  the  hand.  In 
BO  particular  a  situation  as  this,  (and  many  such  may  occur 
in  the  endless  variety  of  human  wants,)  this  is  a  very  power- 
ful engine ;  and  having  few  moving  and  rubbing  parts,  it 
must  be  of  great  durability.  This  circumstance  has  occa- 
sioned much  attention  to  be  given  to  this  first  form  of  the 
engine,  even  long  after  it  was  supplanted  by  those  of  a  much 
better  construction.  A  very  ingenious  attempt  was  made 
very  lately  to  adapt  this  construction  to  the  uses  of  the 
miners.  The  whole  depth  of  the  pit  was  divided  into  lifts 
of  15  feet,  in  the  same  manner  as  is  frequently  done  in 
pump-machines.  In  each  of  these  was  a  suction-pipe^  14 
feet  long,  having  above  it  a  small  receiver  like  R,  about  a 
fix>t  highy  and  its  capacity  somewhat  greater  than  that  of 
the  pipe.    This  receiver  had  a  valve  at  the  head  of  the 
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sactioD'pipey  and  another  opening  outwards  into  the  Uttfe 
cistern,  into  which  the  next  suction-pipe  above  dipped  to 
take  in  water.  Each  of  these  receivers  sent  up  a  pipe  from 
its  top,  which  all  met  in  the  cover  of  a  large  vessel  above 
ground,  which  was  of  double  the  capacity  of  all  the  receivers 
and  pipes.  This  vessel  was  dose  on  all  sides.  Another 
vessel  of  equal  capacity  was  placed  immediately  above  it^ 
with  a  pipe  fix>m  its  bottom  passing  through  the  cover  of 
the  lower  vessel  and  reaching  near  to  its  bottom.  This 
upper  vessel  communicates  with  the  boiler,  and  constitutes 
the  receiver  of  the  steam-engine.  The  operation  is  as  fid- 
lows:  The  lower  vessel  is  full  of  water.  Steam  is  admitted 
into  the  upper  vessel^  which  expels  the  air  by  a  valve,  and 
fills  the  vesseL  It  is  then  condensed  by  cold  water.  The 
pressure  of  the  atmosphere  would  cause  it  to  enter  by  aD 
the  suction-pipes  of  the  different  lifts,  and  press  on  the  sur- 
face of  the  water  in  the  lower  receiver,  and  force  it  into  the 
upper  one.  But  because  each  suction-pipe  dips  in  a  cistern 
of  water,  the  air  presses  this  water  before  it^  raises  it  into 
each  of  the  little  receivers  which  it  fills,  and  allows  the 
spring  of  the  air  (which  was  formerly  in  them^  but  which 
now  passes  up  into  the  lower  receiver)  to  force  the  water 
out  of  the  lower  receiver  into  the  upper  one.  When  this 
has  been  completed,  the  steam  is  again  admitted  into  the 
upper  receiver.  This  allows  the  water  to  run  back  into  the 
lower  receiver,  and  the  air  returns  into  the  small  receivers 
in  the  pit,  and  allows  the  water  to  run  out  of  each  into  its 
proper  cistern.  By  this  means  the  water  of  each  pipe  has 
been  raised  15  feet.  The  operation  may  thus  be  repeated 
continually. 

The  contrivance  is  ingenious,  and  similar  to  those  which 
are  to  be  met  with  in  the  hydraulics  of  Schottus,  Sturmiu% 
and  other  German  writers.  But  the  operation  must  be 
exceedingly  slow;  and  we  imagine  that  the  expencc  of 
steam  must  be  great,  because  it  must  fill  a  very  large  and 
very  cold  vessel^  which  must  waste  a  great  portion  of  it  by 
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condensation.  We  see  by  some  late  publications  of  the  very 
ingenious  Mr  Biackey,  that  he  is  still  attempting  to  main- 
tain the  reputation  of  this  machine  by  some  contrivances  of 
this  kind ;  bpt  we  imagine  that  they  will  be  ineffectual, 
except  in  some  very  particular  situations. 

8.  For  the  very  great  defect  of  the  machine,  even  when  we 
can  secure  it  against  all  risk  of  bursting»  is  the  prodigious 
waste  of  steam,  and  consequently  of  fuel.  Daily  experience 
shews,  that  a  small  quantity  of  cold  water  is  sufficient  for 
producing  an  almost  instantaneous  condensation  of  a  great 
quantity  of  steam.  Therefore  when  the  steam  is  admitted 
into  the  receiver  of  Savary's  engine,  and  comes  into  contact 
With  the  cold  top  and  cold  water»  it  is  condensed  with  great 
rapidity;  and  the  water  does  not  begin  to  subside  till  its 
surface  has  become  so  hot  that  it  condenses  no  more  steam. 
It  may  now  begin  to  yield  to  the  pressure  of  the  incumbent 
steam ;  but  as  soon  as  it  descends  a  little,  more  of  the  cold 
surface  of  the  receiver  comes  into  contact  with  the  steam, 
and  condenses  more  of  it,  and  the  water  can  descend  no 
farther  till  this  addition  of  cold  surface  is  heated  up  to  the 
'  state  of  evaporation.  This  rapid  condensation  goes  on  all 
the  while  the  water  is  descending.  By  some  experiments 
made  by  the  writer  of  this  article,  it  appears  that  no  less  than 
T7ths  of  the  whole  steam  arc  uselessly  condensed  in  this  man- 
ner, and  not  more  than  rrth  is  employed  in  allowing  the 
water  to  descend  by  its  own  weight ;  and  he  has  reason  to 
think  that  the  portion  thus  wasted  will  be  considerably 
greater,  if  the  steam  be  employed  to  force  the  water  out  of 
the  receiver  to  any  considerable  height. 

Observe,  too,  that  all  this  waste  must  be  repeated  in  every 
succeeding  stroke ;  for  the  whole  receiver  must  be  cooled 
again  in  order  to  fill  itself  with  water. 

9*  Many  attempts  have  been  made  to  diminish  this  waste ; 
but  all  to  little  purpose,  because  the  very  filling  of  the  re- 
ceiver with  cold  water  occasions  its  sides  to  condense  a 
prodigious  quantity  of  steam  in  the  succeeding  stroke.  Mr 
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Blad^ey  has  attempted  to  lessen  this  by  using  two  receivers. 
In  the  first  was  oil ;  and  into  this  only  the  steam  was  admit- 
ted* This  oil  passed  to  and  fi^o  between  the  two  receivers, 
and  never  touched  the  water  except  on  a  small  surfacct^ 
But  this  hardly  produced  a  sensible  diminution  of  the 
waste :  for  it  must  now  be  observed,  that  there  is  a  neces- 
sity for  the  first  cylinder's  being  cooled  to  a  considerable 
degree  below  the  boiling  point ;  otherwise^  though  it  will 
condense  much  steam,  and  allow  the  water  to  rise  into  the 
receiver,  there  will  be  a  great  diminution  of  the  height  of 
suction,  unless  the  vessel  be  much  cooled.  This  appears 
plainly  by  inspecting  the  table  of  elasticity.  Thus,  if  the 
vessel  be  cooled  no  lower  than  180°,  we  should  lose  one  half 
of  the  pressure  of  the  atmosphere  ^  if  cooled  to  1£0,  we 
should  still  lose  T^th.  The  inspection  of  this  table  is  of 
great  use  for  understanding  and  improving  this  noble  ma* 
chine ;  and  without  a  constant  recollection  of  the  elastid^ 
of  steam  corresponding  to  its  actual  heat,  we  shall  never 
have  a  notion  of  the  niceties  of  its  operation. 

The  reader  must  now  be  so  well  acquainted  with  what 
passes  in  the  steam-vessel,  and  with  the  exterior  results 
from  it,  as  readily  to  comprehend  the  propriety  of  the 
changes  which  we  shall  now  describe  as  having  been  made 
in  the  construction  and  principle  of  the  steam-engine. 

10.  Of  all  places  in  England,  the  tin-mines  of  Cornwall 
stood  most  in  need  of  hydraulic  assistance ;  and  Mr  Savary 
was  much  engaged  in  projects  for  draining  them  by  his  steam- 
engine.  This  made  its  construction  and  principles  well 
known  among  the  machinists  and  engineers  of  that  neigh- 
bourhood. Among  these  were  a  Mr  Newcomen,  an  iron- 
monger or  blacksmith^  and  Mr  Cawley,  a  glazier  at  Dart- 
mouth, in  Devonshire,, who  had  dabbled  much  with  this 
machine.    Newcomen  was  a  person  of  some  reading,  and 


•  "  In  this  cue  the  oil  would  be  decomposed  hj  tbe  soUcnt  power  of 
•teiiB."    W. 
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was  in  particular  acquainted  with  the  person^  writings^  and 
projects  of  his  countryman  Dr  Hooke.  There  are  to  be 
found  among  Hooke's  papersi  in  the  possession  of  the 
Royal  Society,  some  notes  of  observations,  for  the  use  of 
Newcomen  his  countryman,  on  Papin's  boasted  method  of 
transmitting  to  a  great  distance  the  action  of  a  mill  by 
means  of  pipes.  Papin's  project  was  to  employ  the  mill  to 
work  two  air-pumps  of  great  diameter.  The  cylinders  of 
these  pumps  were  to  communicate  by  means  of  pipes  with 
equal  cylinders  furnished  with  pistons^  in  the  neighbour- 
hood of  a  distant  mine.  These  pistons  were  to  be  connect- 
ed, by  means  of  levers,  with  the  piston-rods  of  the  mine. 
Therefore,  when  the  piston  of  the  air-pump  at  the  mill  was 
drawn  up  by  the  miU,  the  corresponding  piston  at  the  side 
of  the  mine  would  be  pressed  down  by  the  atmosphere^  and 
thus  would  raise  the  piston-r6d  in  the  mine^  and  draw  the 
water.  It  would  appear  from  these  notes,  that  Dr  Hooke 
had  dissuaded  Mr  Newcomen  from  erecting  a  machine  on 
this  principle,  of  which  he  had  exposed  the  fallacy  in  se- 
veral discourses  before  the  Royal  Society.  One  passage 
is  remarkable.  <^  Could  he  (meaning  Papin)  make  a  speedy 
vacuum  under  your  second  piston,  your  work  is  done." 

11.  It  is  highly  probable  that,  in  the  course  of  this  specu- 
lation, it  occurred  to  Mr  Newcomen  that  the  vacuum  he  so 
much  wanted  might  be  produced  by  steam,  and  that  this 
gave  rise  to  his  new  principle  and  construction  of  the  steam- 
engine.  The  specific  desideratum  was  in  Newcomen's  mind ; 
and  therefore,  when  Savary's  engine  appeared,  and  became 
known  in  his  neighbourhood  many  years  after,  he  would 
readily  catch  at  the  help  which  it  promised. 

Savary,  however,  claims  the  invention  as  his  own  i  but 
Switzcr,  who  was  personally  acquainted  with  both,  is  posi- 
tive that  Newcomen  was  the  inventor.  By  his  principles 
(as  a  quaker)  being  averse  from  contention,  he  was  con- 
tented to  share  the  honour  and  the  profits  with  Savary, 
whose  acquaintance  at  court  enabled  him  to  procure  tlie 
patent  in  1705,  in  which  all  the  three  were  associated. 
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Fotteritj  has  done  justice  to  the  modest  inTentor,  and  the 
machine  is  universally  called  Newcomen's  Enoinx.  Ita 
principle  and  mode  of  operation  may  be  dearly  conceived 
as  follows. 

Let  A  (fig.  7.)  represent  a  great  boiler  properly  bnilt  ia 
a  furnace.  At  a  small  height  above  it  is  a  cylinder  CBBC 
of  metal,  bored  v^  truly  and  smoothly.*.  The  boiler  com- 
municates with  this  cylinder  by  means  of  the  throat  or 
steam-pipe  NQ.  The  lower  aperture  of  this  pipe  is  shut 
by  the  plate  N,  which  is  ground  very  flat,  so  as  to  applj 
very  accurately  to  the  whole  circumference  of  the  orifice* 
This  plate  is  called  the  r^ulator  or  steam-cock,  and  it 
tmms  horizontally  round  an  axis  b  a^  which  passes  through 
the  top  of  the  boiler,  and  is  nicely  fitted  to  the  socket  like 
the  key  of  a  cock,  by  grinding.  The  upper  end  of  this  axis 
is  fiiniished  with  a  handle  b  T. 

A  piston  P  is  suspended  in  this  cylinder^  and  made  air« 
ti^t  by  a  packing  of  leather  or  soft  rope^  well  filled  with 
tallow,*t-  and,  for  greater  security,  a  quantity  of  water  is 
kept  above  the  piston.  The  piston-rod  PD  is  suspended  by 
a  chain  which  is  fixed  to  the  upper  extremity  F  of  the 
arched  head  FD  of  the  great  lever,  or  working  beam  HK» 
which  turns  on  the  gudgeon  O.  There  is  a  similar  arched 
head  EG  at  the  other  end  of  the  beam.  To  its  upper  ex- 
tremity £  is  fixed  a  chain  carrying  the  pump-rod  XL^ 
which  raises  the  water  from  the  mine.  The  load  on  this 
end  of  the  beam  is  made  to'  exceed  considerably  the  weight 
of  the  piston  P  at  the  other  extremity. 

At  some  small  height  above  the  top  of  the  cylinder  is 
a  cistern  W,  called  the  injection  cistern.  From  this 
descends  the  uijection  pipe  ZSR,  which  enters  the  cy« 


•  This  onght  to  have  been  the  caie,  but  Mr  Watt  foand  them  generallj 
Terj  mach  otherwJM. 

t  "  Tallow,  was  only  used  to  lesseu  the  friction  when  the  packing  of  th« 
fiiton  was  renewed,  not  to  keep  the  piston  tight )  for  that,  the  water  was  de- 
pended on«^    W. 
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linder  through  its  bottom^  and  terminates  in  a  small  hole 
R,  or  sometimes  in  a  nozzle  pierced  with  mady  smaller 
holes  diverging  from  a  centre  in  all  directions.  This  pipe 
has  at  S  a  cock,  called  the  injection  cocKf  fitted  with  a 
handle  V. 

At  the  opposite  side  of  the  cylinder,  a  little  above  its 
bottom,  there  is  a  lateral  pipe,  turning  upwards  at  the  ex- 
tremity, and  there  covered  by  a  clack-valve^  called  the 
sNiFTiNGhVALV£,  which  has  a  little  dbh  round  it  to  hold 
water  for  keeping  it  air-tight. 

There  proceeds  also  from  tlie  bottom  of  the  cylinder  a 
pipe  dtgh  (passing  behind  the  boiler),  of  which  the  lower 
end  is  turned  upwards,  and  is  covered  with  a  valve  A.  Thia 
part  is  immersed  in  a  cistern  of  water  Y,  called  the  hot 
WELL,  and  the  pipe  itself  is  called  the  eduction  pipe. 
Lastly,  the  boiler  is  furnished  with  a  safety-valve^  called 
die  PUPPBT-CLACK  (which  IS  not  represented  in  this  sketch 
fbr  want  of  room),  in  the  same  manner  as  Savary's  engine. 
This  valve  is  generally  loaded  with  one  or  two  pounds  on 
the  square  inch^  so  that  it  allows  the  steam  to  escape  when 
its  elasticity  is  one-tenth  greater  than  that  of  common  air« 
Thus  all  risk  of  bursting  the  boiler  is  avoided^  and  the 
pressure  outwards  is  very  moderate;  so  also  is  the  heat. 
For,  by  inspecting  the  table  of  vaporous  elasticity,  we  see 
that  the  heat  corresponding  to  32  inches  of  elasticity  is  only 
about  216^  of  Fahrenheit's  thermometer. 

These  are  all  the  essential  parts  of  the  engine^  and  are 
here  drawn  in  the  most  simple  form,  till  our  knowledge  of 
their  particular  offices  shall  shew  the  propriety  of  the  pecu- 
liar forms  which  are  given  to  them.  Let  us  now  see  how 
the  machine  is  put  in  motion,  and  what  is  the  nature  of  its 
work. 

12.  The  water  in  the  boiler  being  supposed  to  be  in  a  state 
of  strong  ebullition,  and  the  steam  issuing  by  the  safety- 
yalve,  let  us  consider  the  machine  in  a  state  of  rest,  having 
both  the  steam-cock  and  injection-cock  shut.  The  resting 
position  or  attitude  of  the  machine  must  be  such  as  appeani 
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in  this  sketchy  the  pump  rods  preponderating,  and  the  great 
piston  being  drawn  up  to  the  tx>p  of  the  cylinder.  Now  open 
the  steam-cock  by  taming  the  handle  T  of  the  regulator. 
The  steam  from  the  boile^  will  immediately  rush  in^  and  behig 
lighter  than  the  air,  will  take  the  tq>pcr  part,  and  will  force 
the  air  to  issue  by  the  smfling-valve :  But  much  of  it  will  be 
condensed  by  the  cold  surface  of  the  cylinder  and  piston^ 
and  the  water  produced  from  it  will  trickle  down  the  sidesy 
and  run  off  by  the  eduction-pipe.  This  condensation  and 
waste  of  steam  will  continue  till  the  whole  cylinder  and  pis- 
ton are  made  as  hot  as  boiling  water.  When  this  happens, 
the  steam  will  also  begin  to  issue  through  the  snifting-valve^ 
slowly  at  first,  and  very  cloudy,  being  mixed  with  air.  The 
blast  at/ will  grow  stronger  by  degrees,  and  more  transpa- 
rent, having  already  carried  off  the  greatest  part  of  the 
common  air  which  filled  the  cylinder.  We  supposed  that 
the  water  was  boiling  briskly,  so  that  the  steam  was  issuing 
by  the  safety-valve  which  is  in  the  top  of  the  boiler,  and 
through  every  crevice.  The  opening  of  the  steani-kxxJc 
puts  an  end  to  this  at  once,  and  the  cold  cylinder  abstracts 
the  steam  from  the  boiler  with  great  rapidity.  We  may 
here  mention  an  accident  of  which  we  were  witnesses,  which 
also  shows  the  immense  rapidity  of  the  condensation.  The 
boiler  was  in  a  frail  shed  at  the  side  of  the  engine-house; 
a  shoot  of  snow  from  the  top  of  the  house  fell  down  and 
broke  through  the  roof  of  tl\e  shed,  and  was  scattered  over 
the  head  of  the  boiler^  which  was  of  an  oblong  or  oval 
shape.  In  an  instant  the  sides  of  it  were  squeezed  together 
by  the  pressure  of  the  atmosphere. 

When  the  manager  of  the  engine  perceives  that  not 
only  the  blast  at  the  snifting-valve  is  strong  and  steady,  but 
that  the  boiler  is  now  fully  supplied  with  steam  of  a  proper 
strength,  appearing  by  the  renewal  of  the  discharge  at  the 
safety-valve^  he  shuts  the  steam-cock,  and  opens  the  injec- 
tion-cock S  by  turning  iu  handle  V.  The  pressure  of  the 
cdamn  of  water  in  the  injection-pipe  ZS  immediately  for- 
ces some  water  through  the  spout  R.   This  coming  in  con- 
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tact  with  the  pure  vapour  which  now  fills  the  cylinder^ 
condenses  it^  and  thus  makes  a  partial  void,  into  which  the 
more  distant  steam  immediately  expands,  and  is  aho  conden* 
$ed.  The  water  qpouts  rapidly  through  the  hole  R  by  the 
joint  action  of  the  column  ZS,  and  the  pressure  of  the  at« 
mosphere ;  at  the  same  time  the  sniAing  valve  /,  and  the 
eduction-valve  A,  are  shut  by  the  unbalanced  pressure  of 
the  atmosphere.  The  velocity  of  ^he  injection  water  must 
therefore  rapidly  increase^  and  the  jet  will  dash  (if  single) 
against  the  bottom  of  the  piston,  and  be  scattered  through 
the  whole  capacity  of  the  cylinder.  In  a  very  short  space 
oftime^  therefore,  the  condensation  of  t)ie  steam  becomes 
general^  and  the  elasticity  of  what  remains  is  greatly  lenen-' 
edf  probably  to  only  f ,  or  f  of  that  of  the  atmosphere.  Meanr 
whUe  the  whole  pretmre  of  the  atmosphere  continues  to  act  upon 
ike  upper  side  of  the  piston,  and  not  being  counterbalanced  by 
thai  of  the  weak  steam  which  now  Jills  the  cylinder ;  if  the  load 
on  the  outer  end  of  the  working  beam  is  inferior  to  the  differ^ 
tnce  of  these  pressures^  it  must  yield  to  it.  The  piston  P 
must  descend,  and  the  pump  piston  L  must  ascend,  bring- 
ing along  with  it  the  water  of  the  mine,  and  the  motion 
must  continue  till  the  great  piston  reaches  the  bottom  of  the 
cylinder ;  for  it  is  not  like  the  motion  which  would  take 
place  in  a  cylinder  of  air  rarefied  to  the  same  degree.  In 
this  last  case,  the  impelling  force  would  be  continually  di- 
minished, because  the  capacity  of  the  cylinder  is  diminish- 
ed by  the  descent  of  the  piston,  and  the  air  in  it  is  continu- 
ally becoming  more  dense  and  elastic.  The  piston  would 
stop  at  a  certain  height,  where  the  elasticity  of  the  included 
air,  together  with  the  load  at  E,  would  balance  the  atmos- 
pherical pressure  on  the  piston.  But  when  the  contents  of 
the  cylinder  are  pure  vapour^  and  the  continued  stream  of 
injected  cold  water  keeps  down  its  temperature  to  the 
same  pitch  as  at  the  beginning,  the  elasticity  of  the  remain- 
ing steam  can  never  increase  by  the  descent  of  the  piston, 
nor  exceed  what  corresponds  to  this  temperature.  The  im- 
pelling or  accelerating  force  therefore  remains  the  same^ 
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and  the  descent  of  the  piston  will  be  uniformly  acceleratedf 
if  there  is  not  an  increase  of  resistance  arising  from  the  na* 
tare  of  the  work  performed  by  the  other  end  of  the  beam. 
This  circumstance  will  come  under  consideration  after- 
wards, and  we  need  not  attend,  to  it  at  present.  It  is 
enough  for  our  present  purpose  to  see  that  if  the  cyUnder 
has  been  completely  purged  of  common  air  before  the 
steam-cock  was  shut,  and  if  none  has  entered  since,  the 
piston  will  descend  to  the  very  bottom  of  the  cylinder.  And 
this  may  be  frequently  observed  in  a  good  steam-engine 
where  every  part  is  air-tight.  It  sometimes  happens,  by 
the  pit-pump  drawing  air^  or  some  part  of  the  communi- 
cation between  the  two  strains  giving  way,  that  the  piston 
oomes  down  with  such  violence  as  to  knock  out  the  bottom 
of  the  cylinder  with  the  blow. 

1 3.  The  only  observation  which  remains  to  be  made  on  the 
motion  of  the  piston  in  descending  is,  that  it  does  not  be- 
gin at  the  instant  the  injection  is  made.  The  piston  was 
kept  at  the  top  by  the  preponderancy  of  the  outer  md  of 
the  working  beam,  and  it  must  remain  there  till  the  differ- 
ence between  the  elasticity  of  the  steam  below  it  and  the 
pressure  of  the  atmosphere  exceeds  this  preponderancy. 
There  must,  therefore^  be  a  small  space  of  time  between 
the  beginning  of  the  condensation  and  the  beginning  of  the 
motion.  This  is  very  small,  not  exceeding  the  third  or 
the  fourth  part  of  a  second ;  but  it  may  be  very  distinctly 
observed  by  an  attentive  spectator.  He  will  see^  that  the 
instant  the  injection-cock  is  opened,  the  cylinder  will  sen- 
sibly rise  upwards  a  little  by  the  pressure  of  the  air  on  its 
bottom.  Its  whole  weight  is  not  nearly  equal  to  this  press- 
ure ;  and  instead  of  its  being  necessary  to  support  it  by  a 
strong  floor,  we  must  keep  it  domi  by  strong  beams  loaded 
by  heavy  walls.  It  is  usual  to  frame  these  beams  inta  the 
posts  which  carry  the  axis  of  the  working-beam,  and  they  are 
therefore  loaded  with  the  whole  strain  of  the  machine.  This 
rising  of  the  cylinder  shows  the  instaititaneous  commence- 


X  t 

64  ST£AM-£NaiN£. 

inent  of  the  condensation ;  and  it  is  not  till  after  this  has 
been  distinctly  observed  that  the  piston  is  seen  to  start,  an^ 
begin  to  descend. 

When  the  manager  sees  the  piston  as  low  as  he  thinks 
proper,  he  shuts  the  injection-cock,  and  opens  the  steam- 
cock.  The  steam  has  been  accumulating  above  the  water 
in  the  boiler  during  the  whole  time  of  the  piston^s  descent, 
and  is  now  the  puppet-clack.  The  moment,  therefore,  that 
the  steam-cock  is  opened,  it  rushes  violently  into  the  cy- 
linder, having  an  elasticity  greater  than  that  of  the  air.  It 
therefore  immediately  blows  open  the  snifting-valve^  and 
allows  (at  least)  the  water  which  had  come  in  by  the  former 
injection,  and  what  arose  from  the  condensed  steam^  to  de- 
scend by  its  own  weight  through  the  eduction  pipe  de  g  h, 
to  open  the  valve  h,  and  to  run  out  into  the  hot  well.  A 
portion  of  the  steam  ii  necessarily  condensed  in  heating  thesuT" 
face  of  the  water  in  the  cylinder,  the  sides  of  that  vessel  and 
the  lower  surface  of  the  piston,  and  although  tliese  are  already 
very  zparm^  yet  the  quantity  of  steam  condensed  is  considerable  i 
generally  much  more  than  what  Twu/d  be  necessary  to  fill  a  cy* 
Under  which  was  already  of  the  heat  of  boiling  water. 

This  first  puff  of  the  entering  steam  is  of  great  service ; 
it  drives  out  of  the  cylinder  the  vapour  which  it  finds  there* 
This  is  seldom  pure  watery  vapour :  all  water  contains  a 
quantity  of  air  in  a  state  of  chemical  union.  The  union  is 
but  feeble,  and  a  boiling  heat  is  sufficient  for  disengaging 
the  greatest  part  of  it  by  increasing  its  elasticity.  It  may 
also  be  disengaged  by  simply  removing  the  external  press- 
ure of  the  atmosphere.  This  is  clearly  seen  when  we  ex- 
pose a  glass  of  water  in  an  exhausted  receiver.  Therefore 
the  small  space  below  the  piston  contains  watery  vapour 
mixed  with  all  the  air  which  had  been  disengaged  from  the 
water  in  the  boiler  by  ebullition,  and  all  that  was  separated 
from  the  injection  water  by  the  diminution  of  external 
pressures.  All  this  is  blown  out  of  tlje  cylinder  by  the  first 
]^ufr  of  steam.     \Ve  may  observe  in  this  place,  that  waters 
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difler' exceedingly  in  the  quantity  of  air  whidi  they  hold  in 
a  state  of  solution.  All  spring  water  contains  much  of  it : 
and  water  newly  brcmgfat  up  from  deep  mines  contains  a 
great  deal  more^  because  the  solution  was  aided  in  thes^ 
situations  by  great  pressure.  Such  waters  sparkle  when 
poured  into  a  giass.  It  is  therefore  of  consequence  to  the 
good  perfermance  ot  a  steam-engine^  to  use  water  contain- 
'ing  h'ttle  air,  both  in  the  boiler  and  in  the  injection-cistern* 
Tbe  water  'of  running  brooks  b  preferable  to  all  others; 
and  the  freer  it  is  from  any  saline  impregnation,  it  generally 
contains  less  air.  The  air  collected  below  the  piston  dmdnkha 
the  accelerating  forcCf  and  the  saline  matters  contained  m  suck 
waters  are  ako  tttremebf  hurtful^  by  encrusting  the  boUers,  and 
rendering  them  Jess  peroiom  to  heat.  It  is  therefore  adcise^ 
able  to  keep  water  so  unpregnated^  in  a  large  shallow  pond  for 
some  time  before  it  isMsed;  or  rather  to  cool  the  water  which 
hasbeennsedinsuch-apondf  and  to  use  it  in  place  of  fresh  pit* 
water ^  as  the  heat  assd  exhaustion  it  has  undergone  cause  it  to 
part  with  the  air  it  contained,  and  to  deposit  the  idline  or 
earthy  matters. 

Let  us  now  consider  the  state  of  the  piston.  It  is  evident 
that  it  will  start  or  b^in  to  rise  the  moment  the  steam- 
cock  is  opened ;  for  at  that  instant  the  excess  of  atmo^he-* 
rical  pressure,  by  which  it  was  kept  dowii  in  opposition  to 
tbe  preponderancy  of  the  outer  end  of  the  beam,  is  dimi« 
nisbed.  The  piston  is  therefore  pulled  upwards,  and  it 
win  rise  even  although  the  steam  which  is  admitted  be  not 
'SO  elastic  as  common  air.  Suppose  the  mercuxy  in  the  ba^ 
rometer  to  stand  at  SO  inches,  and  that  the  preponderancy 
at  the  outer  end  of  the  beam  is  th  of  the  pressure  of  the 
air  on  the  piston^  the  piston  wiQ  not  rise  if  the  elasticity  of 
the  steam  is  not  equal  to  SO^-Vt  that  is^  to  26.7  inches 
nearly ;  but  if  it  is  just  this  quantity,  the  piston  will  rise  as 
fast  as  this  steam  can  be  supplied  through  the  steam-pipe^ 
and  the  velocity  of  its  aspent  depends  entirely  on  the  velo- 
citg^  of  this  supply.    This  observation  is  of  great  imports, 
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aooe ;  and  it  does  not  aeem  to  have  occurred  tx>  the  mathe- 
maticiam,  who  have- paid  moat  attention  to  the  mechanism 
of  the  motion  of  this  engine.  In  the  mean  tine»  we  may 
clearly  see  that  the  entry  of  the  steam  depends  chiefly  on 
the  counter  weight  at  E ;  for  suf^pose  there  was  none^ 
stpam  no  stronger  than  air  would  not  enter  the  cylinder  at 
all  s  and  if  the  steam  be  otronger,  it  will  enter  only  by  the 
eqtcess  of  its  strength.  Writers  on  the  steam-engine  (and 
even  some  of  great  reputation)  familiarly  speak  of  the  steam 
giving  the  piston  a  push  :  But  this  is  scarcely  possible.  Du- 
ring the  rise  of  the  piston  the  snifting-valve  is  never  obser* 
?^  to  blow ;  and  we  have  not  heard  any  well-attested  ac- 
OQonts  of  the  piston^^^hains  ever  being  slackened  by  the  up* 
ward  pressure  of  the  steam^  even  at  the  very  beginning  o( 
the  stroke.  During  the  rising  of  the  piston,  the  steam  is 
(according  to  the  common  conception  ukI  manner  of  speak- 
iog}  mcked  in,  ia  the  same  way  that  air  is  sucked  into  a 
common  syringe  or  pump  when  we  draw  up  the  piston ;  for 
in  the  steam-engine  the  piston  is  really  drawn  up  by  the 
counter  weight.  But  it  is  still  more  sucked  in,  and  requires 
a  more  copious  supply,  ibr  another  reason.  As  the  piston 
descended  only  in  consequence  of  the  inside  of  the  cylin- 
der's being  sufficiently  cooled  to  condense  the  steam,  this 
cooled  surface  must  again  be  presented  to  the  steam  during 
the  rise  of  the  piston^  and  must  condense  steam  a  second 
time.  The  piston  cannot  rise  another  inch  till  the  part  of 
the  cylinder  which  the  piston  has  already  quitted,  has  been 
warmed  up  to  the  boiling  point,  and  steam  must  be  ex- 
pended in  this  warming.  The  inner  surface  of  the  cylin- 
der is  not  only  of  the  heat  of  boiling  water  while  the  piston 
rises,  but  is  also  perfectly  dry ;  for  the  film  of  water  left  on 
h  by  the  ascending  piston  must  be  completely  evaporated, 
otherwise  it  will  be  condensing  steam.  The  quantity  thus 
watttd  i$y  as  tve  have  said,  anmderabk ;  it  varies  in  different 
aigfficr  accordifsg  to  their  had,  and  other  circumstances,  from 
three  qmarten  ofoncJiU  to  tmofilUofthe  cylinder,  as  we  have 
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hmmiffwn  Mr  Waifs  experimenii.  The  esperimenh  nMtk 
Dr  D&aguUen  relates  as  made  by  Mr  Be^htan  ttpan  ike 
€omumptioH  of  steam  hy  a  certain  engine,  were  in  themselves 
erroneous,  and  the  Doctot^s  calculations  founded  upon  them 
were  still  more  so.  IVom  them  he  made  the  deduction,  that 
steam  was  14,000  times  rarer  than  water ;  but  Mr  Watt,  whose 
experiments  have  been  fully  verified  by  long  practice  on  a  great 
scale,  makes  it,  when  under  the  presmre  of  the  atmiosphere  and 
ef  the  heat  of9,\S^,  onl  from  1800  to  2000  times  less  heavy 
ihan  the  same  bulk  of  water, 

1 8.  The  moying  force  during  the  ascent  of  the  piston  most 
be  considered  as  resulting  chiefly,  if  not  solely,  from  the 
preponderating  weight  of  the  pit  piston-rods.  The  office 
of  this  is  to  return  the  steam-piston  to  the  top  of  the  cylin* 
der,  where  it  may  again  be  pressed  down  by  the  air,  and 
make  another  working  stroke  by  raising  the  pump-rods. 
But  the  counter-weight  at  E  has  another  service  to  perform 
in  this  use  of  the  engine,  namely^  to  return  the  pump-pis- 
tons into  their  places  at  the  bottom  of  their  respectire 
working  barrels^  in  order  that  they  may  make  a  working- 
stroke.  This  requires  force  independent  of  the  friction 
md  inertia  of  the  moving  parts ;  for  each  piston  must 
be  pudied  down  through  the  water  in  the  barrel,  which 
must  rise  through  the  piston  with  a  velocity  whose  pro- 
portion to  the  velocity  of  the  piston  is  the  same  with  that 
of  the  area  of  the  piston  to  the  area  of  the  perforation 
through  wliich  the  water  rises  through  the  piston.  It  is 
enou^  at  present  to  mention  this  in  general  terms :  we 
shall  consider  it  more  particularly  afterwards,  when  we 
come  to  calculate  the  performance  of  the  engine,  and  to  de- 
duce from  our  acquired  knowledge  maxims  of  construction 
and  improvement. 

19.  From  this  general  consideration  of  the  ascent  of  the 

piston,  we  may  see  that  the  motion  difiers  greatly  from  the 

*  descent.     It  can  hardly  be  supposed  to  accelerate,  even  if 

the  steam  in  the  cylinder  were  in  a  moment  annihilated. 

For  the  resistance  to  the  descent  of  the  piston  is  the  same 
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with  the  weight  orthe  cdhimn  of  water^  which  would  cause 
it  to  flow  through  the  opening  of  the  pump-piston  with  the 
Telocity  with  which  it  really  rises  through  it,  and  must 
therefore  increase  as  the  square  of  that  velocity  increases; 
that  isy  as  the  square  of  the  velocity.of  the  piston  increases. 
Independent  of  friction,  iherefore^  the  velocity  of  descent 
through  the  w;Eiter  must  soon  become  a  maximum^  and  the 
motion  becon^e  uniform.  We  shall  see  by  and  by,  that  in 
mch  a  .pump  as  is  generally  used  this  will  happen  in  less 
ihfin  the  10th  part  of  a  second.  The  friction  of  .the  pump 
^ill  diminish  this  velocity  a  little^  and  retard  the  time  of 
its  attaining  uniformity.  But,  on  the  .other  hand,  .the  sup- 
ply of  steam  which  is  necessaiy  for  this  motion,  being  sus- 
.cqptible  of  no  acceleration  from  its  previous  motion,  and 
dq)ending  entirely  on  the  briskness  x>fxheiebullition^  an  al- 
most instantaneous  stop  is  put  to  accelei^ation. 

ikccordingly,  any  person  who  observes  wth  attention  the 
working  of  a  steam-engine,  will  see  that  the  cise  of  the  pis- 
.ton  and  descent  of  the  pump*rods  is  extremely  iHuform^ 
whereas  the  working-stroke  is  very  sensibly  accelerated. 

90.  Before  quitting  this  part  of  the  subject,  and  lest  it 
«bould  a&en^ards  escape  our  recollection,  we  may  observe, 
fthat  the  counter-weight  is  different  during  the-.two  motions  of 
jthe  pump-jods.  The  machine,  when  making  a  working-stroke, 
is  lifling  not  only  the  column  4>f  water  in  the  pump,  but  the 
absolute  weight  of  Uie  pump-pistam  and  pump^rods  also  :  but 
while  the  pump-rods  are  descending^  ^ere  is  a  diminution 
of  the  counter-weight  by  the  whole  weight  lost  by  the  im- 
mersion of  the  rod  in  water.  The  wooden  rods  which  are 
^enera%  used,  soaked  in  water,  and  joined  by  iron  straps* 
^e  bieavier,  and  but  a  little  heavier,  than  water,  and  they 
are  generally  about  one- third  of  the  bulk  .of  the  water  in  th^ 
pumpi. 

These  two  motions  complete  Che  period  of  the  operation.^ 
and. the  whole  may  be  repeated  by  shutting  the  steam-cock 
and  opening  the  injection-cock  whenever  the  piston  has  atr 
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taioed  the  ptbpet  beigfat.  Wc  tmve  been  very  minute  in 
oor  attention  to  tbe  different  circanntanceff^  that  the  read- 
er may  have  a  distinct  notion  of  the  state  of  tbe  moving  for- 
ces in  every  period  of  the  operation.  It  is  by  no  means 
sufficient  that  we  know  in  general  diat  die  injection  of  cold 
water  makes  a  void  which  allows  the  ak  to  press  down  the 
pistonf  and  that  the  readmission  of  the  steam  allows,  the 
piston  to  rise  again.  This  slovenly  way  of  viewing  it  has 
long  prev^ited  even  tbe  philosopher  from  seeing  the  defects 
of  the  construction,  and  the  methods  of  removing  them. 

21 .  We  now  see  the  great  diflerence  between  Savary's  and 
Newcomen's  engine  in  respect  of  principle.  Savary's  was 
really  an  engine  which  raised  water  partli^  by  the  force  of^ 
steam,  and  fartly  hy  the  pressure  of  the  atmotphere ;  but 
Newcomen's  raises  water  entii'ely  by  t&e  pressure  of  the  at- 
moq)here^  and  steam  is  employed  merely  a6  the  most  expe- 
ditious method  of  producing  a  Void,  into  which  the  atmoi^ 
pherical  pressure  may  impel  the^rsf  mover  of  his  machine; 
The  elasticity  of  the  steam  is  not  the  first  mover. 

££.  We  see  also  the  great  superiority  of  this  new  niachiiie. 
We  have  no  need  of  steam  of  great  and  dangerous  elasti* 
city ;  and  we  operate  by  means  of  very  moderate  heats» 
and  consequently  with  much  smaller  quantities  of  fuel;  arid 
the  boundaries'  to  the  power  of  this  machine  are  not  the  strength 
which  we  can  give  to  boilers  and  cylinders'  to  resist  internal 
pressure,  but  the  dimensions  to  which  we  mayjind  it  practi"* 
cable  or  expedient  to  make  them,  and  other  parts  of  the  ma^ 
chine,  such  as^the  working-beam,  or  great  lever,  anditsappen* 
dages.  Andf  lastly,  this  form  of  the  machine  renders  it  ap- 
plicable to  almost  every  mechanical  purpose;  because  a 
skilful  mechanic  con  readily  find  a  method  of  converting 
the  reoiproeating  motion  of  the  working-4)eam  into  a  mo- 
tion of  any  kind  whidi  may  suit  his  purpose.  Saivar/s  en- 
gine could  hardly  admit  of  such  an  immediate  application, 
and  seems  almost  restricted  to  raising  water. 
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23.  Inventions  improve  by  degrees.  This  engine  was  first 
offered  to  the  public  in  1705.  But  many  difficulties  occur- 
red in  the  execution,  which  were  removed  one  by  one ;  and 
it  was  not  till  1712  that  the  engine  seemed  to  give  confi- 
dence in  its  efficacy.  The  most  exact  and  unremitting  at- 
tention of  the  manager  was  required  to  the  precise  moment 
of  opening  and  shutting  the  cocks;  and  neglect  might  fre- 
qu«[itly  be  ruinous,  by  beating  out  the  bottom  of  the  cylin- 
der^ or  allowing  the  piston  to  be  wholly  drawn  out  of  it. 
Stops  were  contrived  to  prevent  both  of  these  accidents; 
then  strings  were  used  to  connect  the  handles  of  the  cocks 
with  the  beam,  so  that  they  should  be  turned  whenever  it 
was  in  certain  positions. 

S4.  These  strings  were  gradually  changed  and  improved 
into  detents  and  catches  of  different  shapes ;  at  last,  in  1717, 
Mr  Beighton,  a  very  ingenious  and  well-inibrmed  artist^ 
simplified  the  whole  of  these  subordinate  movements,  and 
brought  th^  machine  into  the  form  in  which  it  has  continued^ 
without  the  smallest  material  change^  to  the  present  day«. 
We  shall  now  describe  one  of  these  improved  engines,  co- 
pying nearly  the  draiwings  and  description  given  by  Bossut 
in  his  Hydrodynamique ;  these  being  by  far  the  most  accu^- 
rate  and  perspicuous  of  any  that  have  been  published. 

25.  Fig.  8.  No.  1.  Plate  II.  is  a  vertical  section  of  the 
boiler,  cylinder,  and  all  the  parts  necessary  for  turning  the 
cocks*  Fig..  8.  No.  2.  is  a  plan  of  the  apparatus  for  open* 
ing  and  shutting  the  steam-regulator;  and  the  same  piecee 
of  both  are  marked  with  the  same  letters  of  reference. 

The  rod  X  of  the  piston  P  is  suspended  from  the  arch 
of  the  working-beam,  as  was  represented  in  the  preceding 
sketch  (fig.  7.).  An  upright  bar  of  timber  FG  is  also  seen 
hanging  by  a  chain.  This  is  suspended  from  a  concentric 
arch  of  the  beam,  a»  may  be  seen  also  in  the  sketch  at  ^  I. 
The  bar  is  called  the  plug-beam ;  and  it  must  rise  and  fall 
with  the  piston,  but  with  a  slower  motion.  The  use  of  thi» 
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plog-beftm  is  to  give  motion  to  the  different  pieces  which 
torn  the  cocks. 

The  steain-{>ipe  K  is  of  cue  piece  with  the  bottom  of  the 
eylindery  and  rises  within  it  three  or  fouif  inches,  to  prevent 
any  of  die  coM  ii^ectuMi  water  from  fiUling  into  the  boiler. 
The  lower  extreinity  Z  of  the  steam-pipe  penetrates  Uie 
head  of  the  boiiery  prcyocting  a  little  waj.  A  flat  phiteof 
bras%  in  shape  resiembling  a  racket  or  battledore,  called 
the  reguhUr^  applies  itself  exactly  to  the  whole  circnol- 
ftrence  of  the  steam-pipe^  and  completely  exdodes  the 
steam  fiom  the  cylinder.  Being  moveaUe  round  an  np- 
right  axifl,  which  is  represented  at  the  side  of  the  steam- 
pipe  in  the  profile,  it  may  be  tamed  aside  by  the  handle  if 
Ko.  1.  and  &  The  profile  shews  in  the  section  of  this  [date 
a  protuberance  in  the  middle.  This  rests  on  a  strong  flat 
spring  which  is  fixed  bebw  it  athwart  the  month  of  the 
.steam-pipe.  This  fgpmg  presses  it  strongly  towards  the 
ateam-pipe,  causing  it  to  apply  very  dose;  and  this  knob 
^des  along  the  springs  whife  the  regulator  turns  to  the 
right  or  left. 

We  have  said  that  the  injection- water  is  furnbhed  firom 
a  cistern  placed  above  the  cylinder.  When  the  cistern 
cannot  be  supplied  by  pipes  from  some  more  devated 
source^  its  water  is  raised  by  the  machine  itself.  A  small 
lifting  pump  t  k  (fig.  7.  Plate  I.),  called  the  jack-head  or 
jaquette,  is  worked  by  a  rod  1 1,  suspended  from  a  concentric 
arch  I  y  near  the  outer  end  of  the  working-beam.  This 
forces  a  sitfiall  portion  of  the  pit-water  along  the  rinng 
pipe  t  U  into  the  injection  dstem. 

In  figure  8.  No.  1.  the  letters  QM  S^  represent  the  pipe 
which  brings  down  the  water  from  the  injection  cistern. 
This  pipe  has  a  cock  at  R  to  open  or  shut  the  passage 
of  this  water.  It  spouts  through  the  jet  S',  and  dashing 
against  the  bottom  of  the  piston^  it  is  dispersed  into  drops, 
and  scattered  throngh  the  whole  capadty  of  the  cylinder, 
so  as  to  produce  a  n^tid  condensatioti  of  the  steam. 
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.  An  upright  poai  A  supports  one  end  B  of  a  horizontal 
iron  axis  BC.  The  end  of  C  is  supported  by  a  simSar  post^ 
shewn  only  in  the  plan  No,  £^  that  the  pieces  oonnectedi^ith 
this  axis  may  not  be  hid  by  it.  Akindc^sUrrup  aft  c<I  hangs 
bam-thiA  soda,  supported  by  the  hooks  a  and  d.  This  stirrup 
is  crossed  near  the  bottom  by  a  round  bolt  or  bar  e,  which 
passes  through  the  eyes  or  rings  that  are  at  the  ends  of  the 
horizontal  fork  hfgr  whose  long  tail  h  is  double,  receivii^ 
between  its  branches  the  handle  t  of  the  regulator.  It  is 
plain  from  this  construction^  that  when  the  stirrup  is  made 
to  vibrate  round  the  horizontal  axis  BC,  on  which  it  hangs 
freely  by  its  hooks,  the  bok  e  must  pull  or  push  the  long 
fork  hfg  backwards  and  forwards  horizontally,  and  by  so 
doing  will  move  the  regulator  round  its  axis  by  means  of 
the  handle  L  Both  the  tail  of  the  fork  and  the  handle  of  the 
regulator  are  pierced  with  several  holes,  and  a  pin  is  put 
through  them  which  unites  them  by  a  joint.  The  motion 
of  the  handle  may  be  increased  or  diminished  by  choosing 
for  the  joint  a  hole  near  to  the  axis  or  remote  from  it ;  and 
the  exact  position  at  which  the  regulator  is  to  stop  on  both 
sides  is  determined  by  pins  stuck  in  a  horizontal  bar  on 
which  the  end  of  the  handle  is  made  to  rest. 

This  alternate  motion  of  the  regulator  to  the  right  and  left 
is  produced  as  follows :  There  is  fixed  to  the  axis  BC  a  piece 
of  iron  oft/,  called  the  Y,  on  account  of  its  resemblance  to 
that  letter  of  the  alphabet  inverted.  The  stalk  o  carries  a 
heavy  lump  p,  called  the  loggerhead,  of  lead  or  iron ;  and 
a  long  leather  strap  qpris  &stened  to  p  by  the  middle,  and 
the  two  ends  are  fastened  to  the  beam  above  it,  in  such  a 
manner  that  the  lump  may  be  alternately  catched  and  held 
up  to  the  right  and  left  of  the  perpendicular.  By  adjusting 
the  length  of  the  two  parts  of  the  strap,  the  Y  may  be  stopped 
in  any  desired  position.  The  two  claws  k  and  /  spread  out 
from  each  other,  and  from  the  line  of  the  stalk,  and  they  are 
of  such  length  as  to  reach  the  horizontal  bolt  e,  which  crosses 
the  stirrup  belowi  but  not  to  reach  the  bottom  of  the  totkhfg. 
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Now  BUppose  tbe  atimip  hanging  perpeDdicoIarlj,  and  tlie 
stalk  of  ike  Y  aka  held  perpendicular ;  carry  it  a  little  oat- 
waid  froai>  the  cylinder,  and  then  let  it  go.    It  will  tumble 
fiunher  out  by  its  weight,  without  affecting  the  stirrup  til 
the  claw  /  strike  on  the  borisontal  bolt  f ,  and  then  it  pushes 
the  stirrup  and  the  fork  towards  the  cylinder,  and  opens 
the  regulator^  It  sets  it  in  molioa  with  a  smart  jerk,  which 
is  an  e&etnal  way  of  overcoming  the  cohesion  and  friction 
of  the  rey^ikitor  wkh  the  month  of  the  steami-pipe.    This 
push  is  adjusted  to  a  proper  length  by  the  strap  q  p,  which 
stops  the  Y  when  it  has  gone  far  enough.    If  we  now  take 
hold  of  the  stalk  of  the  Y,  and  move  it  up  to  the  perpendi- 
cular, the  width  between  its  claws  is  sueh  as  to  permit  this 
motion,  and  something  more,  without  afl&cting  the  stirrup. 
But  when  pushed  still  nearer  to  the  cylinder,  it  tumbles  to^ 
wards  it  by  its  own  weight,  and  then  the  daw  k  strikes  the 
bolt  €,  and  drives  the  stirrup  and  fork  in  the  opposite  direc- 
tion, till  the  lump  p  is  catched  by  the  strap  rp,  now  stretch- 
ed to  its  full  length,  whSe  q  p  hangs  slack.    Thus  by  the 
motion  of  the  Y  the  reg^nlator  is  opened  and  shut.    Let  us 
now  see  how  the  motion  of  the  Y  is  produced  by  the  ma» 
chine  itself.    To  the  horiaontal  axis  BC  are  attached  two 
spanners  or  handles  m  and  n.  The  spanner  m  passes  through 
a  long  slit  in  the  plug-beam,  and  is  at  liberty  to  move  up- 
wards or  downwards  by  its  mption  round  the  axis  BC.    A 
pin  w  which  goes  through  the  plug-beam  catches  hold  of  m 
when  the  beam  rises  along  with  the  piston ;  and  the  pin  is 
so  placed,  that  when  the  beam  is  within  an  inch  or  two  of 
its  highest  rise^  the  pin  has  lifted  m  and  thrown  the  stalk 
of  the  Y  past  the  perpendicular.    It  therefore  tumbles  over 
with  great  foree^  and  gives  a  smart  blow  to  the  fork,  and 
immediately  shuts  the  rq;ulator»   By  this  motion  the  span- 
ner m  is  removed  out  of  the  neighbourhood  of  die  plng- 
beam.     But  the  spanner  n,  moving  along  with  it  in  the 
same  direction^  now  comes  into  the  way  of  the  pins  of  the 
^ug-beam,  TlMf«fore^  when  the  piston  deaoaids  agion  by 
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the  condensation  of  the  steam  in  the  cylinder,  a  pin  mark- 
ed &  in  the  side  of  the  plug-beam,  catches  hold  of  the  tail 
of  the  spanner  n,  and  by  pressing  it  down  raises  the  lomp  or 
Ihe  stalk  of  the  Y  till  it  passes  the  perpendicular,  and  it  then 
&Ils  down,  outwards  from  the  cylinder,  and  the  claw  /again 
drives  the  fork  in  the  direction  h  f,  and  opens  the  steam- 
mlye.  This  opening  and  shutting  of  the  steam-valve  is 
executed  in  the  precise  moment  that  is  proper,  by  placing 
Ihe  pins  «•  and  &  at  a  proper  height  of  the  plug-beam-  For 
this  reason,  it  is  pierced  through  with  a  great  number  of 
holes,  that  the  places  of  these  pins  may  be  varied  at  plea- 
sure. This,  and  a  proper  curvature  of  the  qianners  m  and 
fl^  make  the  adjustment  as  nice  as  we  please. 

The  injection-cock  R  is  managed  in  a  similar  manner* 
On  its  key  may  be  observed  a  forked  arm  s  f,  like  a  crab's 
daw ;  at  » little  distance  above  it  is  the  gudgeon  or  axis  u 
of  a  piece  y  «  z,  called  the  hammer  or  the  F,  from  its  re- 
semblance to  that  letter.  It  has  a  lump  of  metal  y  at  one 
end,  and  a  spear  u  s  projects  from  its  middle,  and  passes 
between  the  claws  s  and  t  of  the  arm  of  the  injection-cock* 
The  hammer  y  is  held  up  by  a  notch  in  the  under  side  of  a 
wooden  lever  DE,  moveable  round  the  centre  D,  and  sup- 
ported at  a  proper  height  by  a  string  r  E^  made  fast  to  the 
joist  above  it. 

Suppose  the  injection-cock  shut,  and  the  hammer  in  the 
position  represented  in  the  figure.  A  pin  fi  of  the  plug- 
frame  rises  along  with  the  piston,  and  catching  hold  of 
the  detent  DE,  raises  it,  and  disengages  the  hammer  jf 
from  its  notch.  This  immediately  falls  down,  and  strikes 
a  board  L  put  in  the  way  to  stop  it.  The  spear  u  s  takes 
hold  of  the  claw  ^,  forces  it  aside,  and  opens  the  injec* 
tion-cock.  The  piston  immediately  descends,  and  along 
with  it  the  plug-frame.  During  its  descent  the  pin  fi  meets 
with  the  tail  u  zo(  the  hammer,  which  is  now  raised  con- 
siderably above  the  level,  and  brings  it  down  along  with 
it»  raising  the  lump  ^,  and  gradually  shutting  the  injeo« 


8T£AM-£NGIK8«  75 

tion-cocky  because  the  spear  lakes  hold  of  the  daw  i  of  ill 
arm.  When  the  beam  has  come  to  its  lowest  situation,  the 
hammer  is  again  engaged  in  the  notch  of  tHe  detent  DE, 
and  supported  by  it  till  the  piston  again  reaches  the  top  of 
the  cylinder. 

In  this  manner  the  motions  of  the  injection-cock  are  also 
adjusted  to  the  precise  moment  that  is  proper  for  them. 
The  different  pins  are  so  placed  in  the  plug*frame^  that  die 
steanwxick  may  be  completely  shut  before  the  injectton- 
cock  is  opened.  The  inherent  motion  of  the  machine  will 
gifo  a  small  addition  to  the  ascent  of  the  piston  without 
fijqiending  steam  all  the  while ;  and  by  leaving  the  steam 
rather  less  elastic  than  before,  the  subsequent  descent  of  the 
piston  is  promoted.  There  was  considerable  propriety  in 
the  gradual  shutting  of  the  injection-cock.  For  after  the 
first  dash  of  the  cold  water  against  the  bottom  of  the  piston, 
the  condensation  is  nearly  complete,  and  very  little  more 
water  is  needed ;  but  a  continual  accession  of  some  is  ab^ 
solutely  necessary  for  completing  the  condensation,  as  the 
capacity  of  the  cyUnder  diminishes,  and  the  water  warms 
which  is  already  injected. 

In  this  manner  the  motion  of  the  machine  will  be  re^ 
peated  as  long  as  there  is  a  supply  of  steam  from  the  boiler^ 
and  of  water  jfrom  the  injection  cistern,  and  a  discharge 
procured  for  what  has  been  injected.  We  proceed  to  con* 
sider  how  fiir  these  conditions  also  are  provided  by  the 
machine  itself. 

The  injection  cistern  is  supplied  with  water  by  the  jadr* 
head  pump,  as  we  have  already  observed.  From  this  source 
all  the  parts  of  the  machine  receive  their  respective  sup* 
plies.  In  the  first  places  a  small  branch  13,  is  taken  off 
from  the  injection^pipe  immediately  below  the  cistern,  and 
conducted  to  the  top  of  the  cylinder,  where  it  is  furnished 
with  a  cock.  .  The  spout  is  so  adjusted,  that  no  more  runs 
irom  it  than  what  will  keep  a  constant  supply  of  water 
above  the  piston  to  keep  it  tight.    Every  time  the  piston 
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comefl  to  the  top  of  the  cylinder,  it  brings  this  water  along; 
with  it)  and  the  snrplas  of  its  evaporation  and  lei&age  mns 
cShj  a  waste-pipe  14.  This  water  necessarily  becomes 
very  hot,  and  it  was  thought  proper  to  employ  its  overplus 
fiur  supplying  the  waste  of  the  boiler.  This  was  accord 
ingly  practised  for  some  time.  But  Mr  Beighton  improved 
this  economical  thought,  by  supplying  the  boiler  from  the 
eduction-pipe,  fi,  2,  the  water  of  which  must  be  still  hotter 
•than  that  above  the  piston.  This  contrivance  required  at- 
tention to  many  circumstances,  which  the  reader  will  un- 
derstand by  considering  the  profile.  The  eduction-pipe 
comes  out  of  the  bottom  of  the  cylinder  at  1^  with  a  per- 
pendicular part,  which  bends  ndewise  below,  and  turns  up 
the  deep  cup  5,  holding  a  metal  valve  nicely  fitted  to  it  by 
grinding  like  the  key  of  a  cock.  To  secure  its  being  al- 
ways air-tight,  a  slender  stream  of  water  trickles  into  this 
cup  firom  a  branch  6  of  the  waste-pipe  from  the  top  of  the 
^linder*  The  eduction-pipe  branches  off  at  ^,  and  goes 
down  to  the  hot  well,  where  it  turns  up,  and  is  covered 
with  a  valve.  In  the  section  may  be  observed  an  upright 
pipe  4,  4,  which  goes  through  the  head  of  the  boiler,  and 
Teaches  to  within  a  few  inches  of  its  bottom.  This  pipe  is 
called  thefeedeTf  and  rises  about  three  or  four  fiset  above 
the  boiler.  It  is  open  at  both  ends,  and  has  a  branch  5, 
communicating  with  the  bottom  of  the  cup  5,  immediately 
above  the  metal  valve,  and  also  a  few  inches  below  the 
level  of  th^  entry  2  of  the  eduction-pipe.  This  communi- 
cating branch  has  a  cock  by  which  its  passage  may  be  dimi- 
nished at  pleasure.  Now  suppose  the  steam  in  the  boiler 
to  be  very  strong,  it  will  cause  the  boiling  water  to  rise  in 
the  feeding-pipe  above  d,  and  coming  along  this  branch,  to 
rise  also  in  the  cup  5^  and  run  over.  But  the  height  of  this 
cup  above  the  surfiu»  of  the  water  in  the  boUer  is  such,  that 
the  steam  is  never  strong  enough  to  produce  this  effect. 
Therefore^  on  the  contrary,  any  water  that  may  be-in  the 

a* 
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oap  SwUvuioShy  the  branch  3^  and  go  down  into  the 
boiler  by  the  feeding  pipe. 

26.  Tlese  things  being  understood^  let  ns  suppose  a  qaan- 
tity  of  injected  water  lying  at  the  bottom  of  the  qrlinder.  It 
will  run  into  the  eduction-pip^  fill  the  crooked  branch, 
and  open  the  valve  in  the  bottom  of  the  cup,  (its  weight 
being  supported  by  a  wire  hanging  from  a  slender  spring,) 
and  it  will  fill  the  cup  to  the  level  of  the  entry  2  of  the 
.eduction-pip^  and  will  then  flow  along  d^  and  supply  the 
boiler  by  the  feeder  4,  4.  What  more  water  runs  in 
wiH  now  go  along  the  eduction-pipe  £,  ^  to  the  hot  welL 
By  pri^ierly  adjusting  the  cock  on  the  branch  3^  39  the 
boiler  may  be  supplied  as  fast  as  the  waste  in  steam  re- 
quires. This  is  a  most  ingenious  contrivance^  and  does 
great  honour  to  Mr  Beighton.  It  is  not,  however,  oftery 
great  importance.  The  small  quantity  which  the  boiler  re- 
quires may  be  immediately  taken  even  from  a  cold  cisterUf 
without  much  diminishing  the  production  of  steam ;  for  the 
quantity  of  heat  necessary  for  raising  the  sensible  heat  of 
ooid  water  to  the  boiling  temperature  is  small,  when  com- 
pared with  the  quantity  of  heat  which  must  then  be  com- 
bined with  it  in  order  to  convert  the  water  into  steam.  For 
the  heat  expended  in  boiling  off  a  cubic  foot  of  water  is 
about  six  times  as  much  as  would  bring  it  to  a  boiling  heat 
fi'om  the  temperature  of  55^.  It  has,  however,  the  advan^ 
tage  of  being  purged  of  air ;  and  when  an  engine  must  de« 
rive  all  its  supplies  from  pit  water,  the  water  from  the 
eduction-pipe  is  vastly  preferable  to  that  from  the  top  of 
the  cjflioder. 

We  may  here  observe,  that  many  writers  (among  them 
the  Abbfe  Bossut),  in  their  descriptions  of  the  steam-en« 
ginc^  have  drawn  the  branch  of  communication  3,  from  the 
feeding-pipe  to  a  part  of  the  crooked  pipe  1,  lying  below 
the  valve  in  the  cup  5.  But  this  is  quite  erroneous;  for^ 
in  this  case^  when  the  injection  is  made  into  the  cylinder^ 
and  a  vacuum  produced^  the  water  from  the  boiler  would 


immediately  rush  up  through  the  pipes  4,  8^  «nd  spout  iq» 
into  the  cylinder :  so  would  the  external  air  coming  in  at 
the  top  of  the  feeder* 

27.This  contrivance  has  also  enabled  us  to  form  some  judg« 
ment  of  the  internal  state  of  the  en^ne  during  the  perform* 
ance.  Mr  Beighton  paid  a  minute  attention  to  the  situation 
of  the  water  in  the  feeders  and  eduction*pipe  of  an  engine^ 
which  seems  to  hare  been  one  of  the  best  which  had  then  been 
erected.  It  was  lifting  a  column  of  water  whose  wdght 
was  four-serenths  of  the  pressure  of  the  air  on  its  pistoUy 
and  made  16  strokes,  of  six  feet  each,  in  a  minute.  This 
is  acknowledged  by  aU  to  be  a  very  great  performance  of 
an  engine  of  this  form.*  He  concluded  that  the  elasticity 
of  the  dteam  in  the  cylinder  was  never  more  than  one- 
tenth  greater  or  less  than  the  elasticity  of  the  air.  The 
water  in  the  feeder  never  rose  more  than  three  feet  and  a 
Iialf  above  the  surface  of  the  boiling  water,  even  though  it 
was  now  lighter  by  one-twentieth  than  cdd  water.  The 
eduction-pipe  was  only  four  feet  and  a  half  long  (verticaUy)) 
and  yet  it  always  discharged  the  injection  water  complete- 
ly, and  allowed  some  to  pass  into  the  feeder.  This  could 
not  be  if  the  steam  was  much  more  than  one-tenth  weaker 
than  air.  By  grasping  this  pipe  in  his  hand  during  the 
rise  of  the  piston,  he  could  guess  very  well  whereabouts  the 
surface  of  the  hot  water  in  it  rested  during  the  motion,  and 
he  never  found  it  supported  so  high  as  four  feet.  There- 
fore the  steam  in  the  cylinder  had  at  least  eight-ninths  of 
the  elasticity  of  the  air.  Mr  Buat,  in  his  examination  of 
an  engine  which  is  erected  at  Montrelaix,  in  France,  by  an 
English  engineer^  and  has  always  been  considered  as  the 
pattern  in  that  country,  finds  it  necessary  to  suppose  a 


*  "  In  so  far  as  regardi  tbe  load  \  but  were  we  furnished  with  facts  to 
jadge  of  its  consumption  of  strain  compared  with  the  work  done>  we  should 
undoubtedly  find  it  verj  defective  when  compared  with  others  more  lightlj 
loaded,  and  ia  other  respecU  eqimtlj  well  coostrticted.*    W« 


aTEAH-ENonrSi  i^ 

much  graater  wriatioD  in  the  ttrength  of  the  iteaiii,  and 
mjB,  that  it  most  haYe  been  one^fth  stronger  and  one- 
fifth  weaker  than  common  air.  But  th»  engine  has  not 
been  nearly  so  p^fect.  Its  lift  was  not  more  than  one-half 
of  the  preHore  of  the  atmosphere^  and  it  made  but  nine 
strokea  in  a  minute.--^ At.  W  is  a  valve  covering  the  mouth 
of  a  small  pipe,  and  surrounded  with  a  cup  containing 
watar  to  keep  it  air-tight  This  alkms  the  air  to  escape 
which  bad  been  extricated  from  the  water  of  last  injection. 
It  is  driven  out  by  the  first  strong  puff  of  steam  which  is 
admitted  into  the  cylinder,  and  makes  a'  noise  in  its  exit. 
The  valve  is  therefore  called  the  snifting-valve. 

To  finish  onr  description,  we  observe^  that  besides  the 
safety-valve  9  (called  the  fuvpet-cslack),  which  is  loaded 
with  about  three  pounds  on  the  square  inch  (though  the 
engine  will  work  very  well  with  a  load  of  one  or  two  pounds)^ 
there  is  another  DiscHAnaaa  10,  having  a  clack  at  its  ex- 
tremity supported  by  a  cord.  Its  use  is  to  discbarge  the 
steam  without  doors,  when  the  machine  gives  over  work* 
ing.  There  is  also  a  pipe  SI  near  the  bottom  of  the 
bckler,  by  which  it  may  be  esnptied  when  it  needs  repairs 
or  cleansing. 

There  are  two  small  pipes  1 1,  and  12,  with  cocks,  call* 
ed  OAOB-PIFB8.  The  first  descends  to  within  two  inches 
of  the  surfiEuse  of  the  water  in  the  boiler,  and  the  second 
goes  about  two  inches  below  that  surface.  If  both  cocks 
emit  steam,  the  water  is  too  low,  and  requires  a  recruit.  If 
neither  give  steam,  it  is  too  high,  and  there  is  not  sufficient 
room  above  it  for  a  collectioii  of  steam.  Lastly,  there  is  a 
filling  pipe  Q,  by  which  the  boiler  may  be  filled  when  the 
machine  is  to  be  set  to  work. 

£8.  The  engine  has  continued  in  this  form  for  many  years. 
The  only  remarkable  change  introduced  has  been  the  man- 
ner of  placing  the  boiler.  It  is  no  longer  placed  below  the 
cylinder,  but  at  one  side^  and  the  steam  is  introduced  by  a 
pipe  JBrom  the  (op  of  the  boiler  into  a  flat  b(»:  immediately 
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bdow  the  cylinder.  The  use  of  this  box  is  merdy  to  lodge 
the  r^olator,  and  give  room  for  its  motions.  This  has 
been  a  very  considerable  improvement.  It  has  greatly  re* 
duced  the  height  of  the  building.  This  was  formerly  a 
tower.  The  wall  which  supported  the  beam  could  hardly 
be  built  with  sufficient  strength  for  withstanding  the  violent 
shocks  which  were  repeated  without  ceasing  %  and  the  build- 
ings seldom  lasted  more  than  a  very  few  years.  But  the 
boiler  is  now  set  up  in  an  adjoining  shed,  and  the  gud^ifeons 
of  the  main  beam  rest  on  the  top  of  upright  posts^  which 
are  firamed  into  the  joists  which  support  the  cylinder.  Thus 
the  whole  moving  parts  of  the  machine  are  contained  in 
one  compact  frame  of  carpentry^  and  have  little  or  no 
connection  with  the  slight  walls  of  the  building,  which  is 
merely  a  case  to  hold  the  machine^  and  protect  it  from  the 
weather. 

£9*  It  is  now  time  to  enquire  what  is  to  be  expected  from 
this  machine,  and  to  ascertain  the  most  advtotageous  pro- 
portion between  the  moving  power  and  the  load  that  is  to 
be  laid  on  the  machine. 

It  may  be  considered  as  a  great  puBey,  and  is  indeed 
soihetimes  so  constructed,  the  arches  at  the  ends  of  the 
working-beam  being  completed  to  a  cirde.  It  must  be 
unequally  loaded  that  it  may  move.  It  is  loaded,  during 
the  working-stroke,  by  the  pressure  of  the  atmosphere  on 
the  side  of  the  cylinder^  and  by  the  colunm  of  water  to  be 
raised  and  the  pump-gear  on  the  pump  side. — During  the 
returning  stroke  it  is  loaded,  on  the  side  of  the  cylifider, 
by  a  small  part  of  the  atmo^>heric  pressure,  and  on  the 
pump  side  by  the  pump-gear  acting  as  a  counter  weight. 
The  load  during  the  working  stroke  must  therefore  consist 
of  the  column  of  water  to  be  raised  and  this  counter^weight. 
The  performance  of  the  machine  is  to  be  measured  only 
by  the  quanti^  of  waler  raised  in  a  given  time  to  a  given 
height.  It  varies,  therefore,  in  the  joint  proportion  of  the 
weight  of  the  column  of  water  in  the  pumps,  and  the  num- 


ber  pf  ,ft9pl^6s  made  by  the  machiqe  in  a  minute*  iEach 
/l^qjke  €pp48ta  of  tyn^o  partsi  .which  we  haye  caQed  the  wodc- 
119^ ap^/t^e  re(tirpmg*stroke«  It  does. not,  thereforci  de- 
p^od.smply  on.the  vcilocitjr  of  the.wo^ing*8tnike  and  the 
qaaqtftjr  of  water  raided  hjiiU  If  this  were  all  that  is  to  be 
a^tendcMd  to,  we. know  th^t  the  .w/eigbt  of  the  coJamn  of 
water  should,  he  n^rjj  fths  of  the  pressure  of  the  atmos- 
phere,  M^is  being  the  proportion  which  gives  themaximnm 
in  the^mmpn  pnUey.  But  the  time  of  theretumingrstroke 
is  a,  necessary  part,  of  the  whojie  time  elapsed,  and  therefiuBe 
theyelpcity  of  the  retumingrstroke  equally,  merits  attention. 
This  Is  r^^lat^  by  the  counter*.weight.  The  number  of 
strokes  per  minute  idpes  not  give  an  immediate,  proof  pf  the 
goodness  of  the  engine.  A  ^mall  load  pf  water,  and.  a  gieat 
counter- weight  will  ensujne  this,; because  these  conditions 
will  prjodqce  f^  brisk  motion  in  both  directions. — The  proper 
adjustment  .of  the  pressi^re  pf  the  atmosphere  on  the  piston^ 
the  column  pf  water  to  be  raised,  and  the  counter-weighty 
is  a  prpblem  of  y^ty  great  (difficulty ;  and  mathematicians 
have  not  turned  much  of  their  attention  to  the  subject,  al- 
though it  is  certainly  a  very  interesting  question. 

30*.  Mr  Bossut;  hasL^lved  jt  very  shortly  an^d  sipiply,  uppfi 
this  suppos^on,  that  the  .work^g  and  returnhig  stroke 
should  be  |na|de  ia  equal  tk^es**  This,  i^dee^^.isgen^raJjy 
aim^  at  in  )tbe  erection  of  these. njiachincs,  and  they  are  not 
reckoned  to  be  well  arranged,  if  it  be  pthenfise.  We  dai4)t 
of  the  prppriety  of  the  maxim*    igupppsjn^  however,  this 


*  "  I  Xeel  Qjielf  perfectly  at  a  loss  bow  to  correct  articles  90,  SI,  Si,  SS, 
34,  95«  S6,  and  37,  as  they  involve  algebraic  calcalatioos  which  seem  in  a 
great  degree  unoecessarjj  as  is  acknowledged  id  arU  43*  being  founded  on 
principles  not  snfllcienti j  known  to  be  subjected  to'role  ;  but  as  thej  contain 
nipch  inipenioM  reaaoning*  and  maj  lead  to  the  formation  of  more  correct  for- 
odIsb,  I  bare  not  considered  myself  at  liberty  to  alter  .them«  hot  have  add- 
ed notes,  correcting  some  of  the  facts  and  some  part  pf  the  Reasoning.*'    W» 

VOL.  II.  F 
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condition  for  the  present,  we  may  compute  the  loadings  of 
the  two  ends  of  the  beam  as  follows :  Let  a  be  the  length 
/of  the  inner  arm  of  the  working-beami  or  that  by  which  the 
•great  piston  is  supported*    Let  6  be  the  outer  arm  carry- 
ing the  pump-rods,  and  let  W  be  a  weight  equivalent  to  all 
the  Ibad  which  is  laid  on  the  machine.    Let  c*  be  the  area 
-of  the  piston ;  let  H  be  the  height  of  a  column  of  water, 
having  c*  for  its  base^  and  being,  equal  in  weight  to  the 
'  pressure  exerted  by  the  steam  on  the  under  side  of  the  pis- 
ton ;  and  let  h  be  the  pressure  of  the  atmosphere  on  the 
same  area,  or  the  height  of  a  column  of  water  of  equal 
weight.     It  is  evident  that  both  strokes  will  be  performed 
in  equal  times,  if  A  c*  a— W  b  be  equal  to  (A — H)  c*a+W  b. 
The  first  of  these  quantities  is  the  energy  of  the  machine 
•during  the  working-stroke,  and  the  second  expresses  the 
similar  energy  during  the  retuming-stroke.    This  equa- 

tion  give  us  W= ^ = ^ .    If  we 

suppose  the  arms  of  the  lever  equal  and  H=:A,  we  have 

W=sc*-^;  that  is,  the  whole  weight  of  the  outer  end  of 

the  beam  should  be  half  the  pressure  of  the  air  on  the  great 
piston.  This  is  nearly  the  usual  practice,  and  the  engi- 
neers express  it  by  saying,  that  the  engine  is  loaded  with 
seven  or  eight  pounds  on  the  square  inch.  This  has  been 
fouad  to  be  nearly  the  most  advantageous  load. 
'  31.  This  way  of  expressing  the  matter  would  do  well 
enough^  if  the  maxim  were  not  founded  on  erroneous  no- 
tions which  hinder  us  from  seeing  the  state  of  the  machine, 
and  the  circumstances  on  which  its  improvement  depends. 
The  piston  bears  a  pressure  of  15  pounds,  it  is  said,  on  the 
square  inch,  if  the  vacuum  below  it  be  perfect.  But  to 
produce  a  perfect  vactmnh  it  will  appear  by  the  tables  of  elasti- 
cities we  have  given  {see  Steam^  art.  t9.^  €3),  that  the  cylinder 
emd  its  contents  must  be  cooled  down  below  32^  each  stroke,  and 
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were  this  practicable,  the  consumption  of  steam  in  re-Jieatifig 

the  cylinder  would  be  enormous ;  it  has  therefore  been  found 

4»dwabk  in  practice  to  throw  in  no  more  injection  water  than 

will  produce  a  vacuum  sufficient  to  enable  the  engine  to  raise 

•  a  load  of  from  six  to  seven  pounds  on  the  square  inch,  besides 

all  fiction,  and  other  infective  burthens ;  and  it  has  been 

found  that,  under  the  lesser  load  above  stated,  the  engines 

consumed  less  steam  in  proportion  to  the  work  done,  than  under 

'  the  greater  one* 

Si.  This  equation  by  Mr  Bossut  is  moreover  essentially 
fiialty  in  another  respect.  The  W  in  the  first  member,  is 
not  the  same  with  the  W  in  the  second.  In  the  first,  it  is 
the  column  of  water  to  be  raised,  together  with  the  counter- 
weight. In  the  second,  it  is  the  counter-weight  only.  Nor 
is  the  quantity  H  the  same  in  both  cases,  as  is  most  evident. 
The  proper  equation  for  ensuring  the  equal  duration  of 
the  two  strokes  may  be  had  in  the  following  manner:  Let 
it  be  determined  by  experiment  what  portion  of  the  atmos- 
pheric pressure  is  exerted  on  the  great  piston  during  its 
descent.'  This  depends  on  the  remaining  elasticity  of  the 
-steam.  Suppose  it  -^ihs :  this  we  may  express  by  a  hf 
a  b^g  =:A-^^*  Let  it  also  be  determined  by  experiment 
what  portion  of  the  atmospheric  pressure  on  the  piston  re- 
mains unbalanced  by  the  steam  below  it  during  its  ascent. 
Suppose  this  ^th,  we  may  express  this  by  b  A.  Then 
let  W  l>e  the  weight  of  the  column  of  water  to  be  raised^ 
and  c  the  counter-wdght.  Then,  if  the  arms  of  the 
beam  are  equal,  we  have  the  energy  during  the  working 
stroke  =  a  h — W — c,  and  during  the  retuming-stroke 
it  is  =  c — b  h.    Therefore  c — b  hzza  h — W — c  ;  and 

c=— ^ — r^-— — ;  which,  on  the  above  supposition  of  the  va- 

Ji w 

lues  of  a  and  bf  gives  us  c= — r — •    We  shall  make  some 

use  of  this  equation  afterwards ;  but  it  afibrds  us  no  infi^rm- 
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X 

The  fourth  term  of  this  analogy  is  the  space  required* 
Let  t  be  the  whole  time  of  the  descent  in  seconds.  Then 

,*  ,  <a=£i£=:i) ;  C£fc^.   This  last  term  is  the  whole 

P  V 

descent  or  length  of  the  stroke  accomplished  in  the  time  t. 

The  weight  of  the  column  of  water,  which  has  now  got 
above  the  piston,  or  bucket^  is  a?,  =  L — p.  This  must  be  lift- 
ed in  the  next  working-stroke  through  the  space  t^  g  (p — m)> 

P 
Therefore  the  performance  of  the  engine  must  be 

i*  g  (p— m)  (L— p) 

V 
That  this  may  be  the  greatest  possible,  we  must  consider 

/» as  the  variable  quantity,  and  make  the  fluxion  of  the 

45 ,.      p— m  X  L— p 

fraction ^=0. 

?  . 

This  will  be  found  to  give  uspsrV'  Lot;  that  is,  the 

counter-weight  or  preponderancy  of  ihe  outer  end  of  the 

beam  is  sV'L  m. 

This  gives  us  a  method  of  detertnining  m  ei^erimentally. 
We  can  discover  by  actual  measurement  the  quantity  L  in 
any  engine^  it  being  equal  to  the  unbalanced  weights  on 
the  beam  and  the  weight  of  the  water  in  the  pumps.  Then 

OT=Y-. 

Also  we  have  the  weight  of  the  column  of  water  =:L— p, 

asL— v^L/n. 

When,  therefore,  we  have  determined  the  load  which  is  to 
be  on  the  outer  end  of  the  beam  during  the  working-stroke, 
it  must  be  distributed  into  two  parts,  which  have  the  propor- 
tion of  VL  iii  to  L — V^Lm.     The  first  is  the  counter- 

9 

weight,  and  the  second  is  the  weight  of  the  column  of  wa- 
ter. 

If  m  is  a  firaction  of  L|  such  as  an  aliquot  part  of  it ;  that 
is,  if 
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L    L    L    L    L 

ms: — ,   — f  — ,  — f  — ^  &c 
1      4      9    16     25 

L    L    L    L    L 

12      3      4      5 

The  circumstance  which  is  commonly  obtruded  on  us  by 

k>cal  considerations  is  the  quantity  of  water,  and  the  depth 

from  wliich  it  is  to  be  raised ;  that  is,  w ;  and  it  will  be 

convem'ent  to  determine  every  thing  in  conformity  to  this. 

We  saw  that  w  =  L  — i/L  m»        This  gives   iu 

ym*     m 
w  m-i i-—  +Wf  and  the  counter-weight 

4  % 

4        2 

35.  Having  thus  ascertained  that  distribution  of  the  load  on 
the  outer  end  of  the  beam  which  produces  the  greatest  ef- 
fect, we  come  now  to  consider  what  proportion  oT  moving 
force  we  must  apply^  so  that  it  may  be  employed  to  the 
best  advantage,  or  so  that  any  expence  of  power  may  pn^ 
duce  the  greatest  performance*  It  will  be  so  much  the 
greater  as  the  work  done  is  greater,  and  the  power  em- 
ployed is  less ;  and  will  therefore  be  properly  measured  by 
the  quotient  of  the  work  done  divided  by  the  power  em- 
ployed. 

The  work  immediately  done  is  the  lifting  up  the  weight 
L.  In  order  to  accomplish  this,  we  must  employ  a  press- 
ure P,  which  is  greater  than  L.  Let  it  hessh+y;  also 
let  s  be  the  length  of  the  stroke. 

If  the  mass  L  were  urged  along  the  space  s  by  the  force 
L-f>yj  it  would  acquire  a  certain  velocity^  which  we  may 
express  by  ^s;  but  it  is  impelled  only  by  the  force  y,  the 
rest  of  P  being  employed  in  balancing  L.  The  velocitiea 
which  different  forces  generate  by  impeUing  a  body  along 
the  same  space  are  as  the  square  roots  of  the  forces.  There^ 
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fore  ^^L+y :  V  y  ^  ^  s  :V7y     'theburih  term  of  this 

analogy  expresses  the  vdocity  of  the'  pifton  at  the  end  of 
the  stroke.  The  quantity  of  motion  produced  will  be  had 
by  multiplying  this  velocity  by  the'maks  L.    This  gives 

I   \>-i  ,T-:  and  this  divided  by  the  power  expended^  or  by 

i'+2^9  gives  lis  the  measure  of  the  performance ;  namely, 
\'^Ty    ■ 

That  this  may  be  a  maximum,  consider  y  as  the  variable 
quantity,  and  make  the  duxion  of  this  formula  ^o.    This 

will  give  usy=-3-- 
iloW  P=L+j(,  =ilL+i,=f  t     Thertfoife  the  whole 

7 

load  on  flie  outer  end;  of  the  b^ftar,  consisting  of  the  water 
and  Ae  connter^weight,  must  b^  two-thirds  of  the  pressure 
(yf  the  atmospheric  on  the  steam^pisfon. 

We  have  here  Supposed  that  the  expenditure  is  the  at^ 
motpheric  preteibre ;  and  so  It  is  if  we  consider  it  mecha« 
ni^ly.  But  the  expendfture  of  which  we  are  sensible,  and 
whith  We  are  atixioih  to  employ  to  the  best  advantsq^,  is 
fueL  Supposing  this  to  be  employed  with  the  same  judge- 
Jhent  in  all  cases,  we  ar^  almost  entitled,  by  what  we  know 
of  die  productionf  of  steam,  to  say  that  the  steam  produced 
is  propol^ti6nal  io  die  fuel  expended.  But  the  steam  requi- 
site for  merely  filling  the  cy&nder  is  proportional  to  the 
area  of  the  piston,  and  therefo^  to  the  atmospheric  press- 
mre.  The  result  of  our  investigation  therefore  is  still  juM ; 
but  die  steam  wasted  by  condensation  on  the  sidte  of  the 
cylinder  does  not  follow  this  rado,  and  this  is  more  than 
what  is  necessary  for  merely  fiUing  it.  This  den^ges  otir 
catedationsi  and  is  in  fiivonr  of  large  cylinders^  but  the 


dfgr^  mwhkh  thk  eirewtruidnce  afftitln  the  wbtking  of  Um 
tnf^  hm  n6t  been'  accmdtefy  dettrmnak* 

It  most  ber^nkaribed;  that  in  tbepnosding  inroMgaAoth 
#e  introduced'  a-  qnaiitity  «r  to  ei^rcai  die  nrifltaiices'  tb 
die  motion  of  the  idngii^.  '[Phirwaft^dDnb  iooidcr  to  avoid 
a  vety  troaUesomv  investigatibn;'  The  reristances-  are  of 
took  a  munre'  us  to  v^tf  #ith  the  ^loettj^  and  ido«C  af 
theni  as  the'  iqbaire  of  th^  v^lodiy.  TUis*  is  tho  case  imith 
the  roistance  aiisibg  from  the^  motion  6f  the; watdr  throogh 
the  pisDontf  of  the*  pump^  and-  Aat  avbatig  from  thefiiMoii 
m  the  long  lift  during  th^  wbfkiilg^mke.  Had  we?  thken 
die  direct  nied^ody  iHdeh  i^  gimihr  tO' thie^dijierminadoft  of 
die  mojfion  thMBi{g^  wm^diiMtf  iriiieh  rMst^  ini  d»  dbpli^ 
eMe  Miiio  of  die^ i^stodiyv  ^^'  m^i^  iM^  usedra  veiy  intvU 
cate  eitponmciat  caleuluB^  tkAiieh'  ftv  of  OttV  ivadanr  wodd 
hare  the  patience  to  look  at. 

tf  ut  the  ^eatest  part  of  the  quantity  m  suppoaes  a  mo* 
den  already  knowliy  and  its  detdrmination  depeada  on  tfai« 
modoni.  We  must  new  ihotir  how  its^  diffisrent  ooaiponeAl 
parts  may  be  computedk 

S&*  Fi^0  What  arises  from  the  inertia  of  the  moving 
pdrts  is  by  fiMT  the  Inosti  eonsiddrable^  portion  of  ie.  Ta  ob» 
tain  it,  we  must  find  a  qnandty  of  taatt^  whidii  WhM 
phtoed  at  the  end  of  th«  beam^  wiQ  bitye  the  s^md  mom««p 
turn  of  inertia  witk  diat  of  the  whdle  moving  parts  in  thdt 
nalBfal  ^aibeSi  Therefore  (in  die  i^turnin|;^lroke)  add 
lfl!geCber  the  weight  of  the  great  piston  with  its  fod  and 
ohahis ;  die  pit  puftip«rod%  chain^  and  any  w^ht  that  ii 
aMadied  to  thenai  the  arch^heads  and  iron-work  lit  die 
teds  of  die  beam^  and  fths  of  the  wdght  ef  the  beam  k^ 


>**»*—■    itH  HMMij*— ***M»«*«^ifa 


*  *'  tn  practice,  it  is  «  pretty  general  maxSnii  as  has  been  said,  to  load  tlie 
ing^Aet  with  a  eohniD  o#  wafer  equal  to  about  dae  half  of  the  atniospberfb 
^ieisnre ;  but  by  pliyiag  attentioii  Co  the  temperatare  whioh  fponld  produea  ft 
degree  of  ▼acouDi  equal  to  tint  load  and  the  neeessar  j  coanter-weightf  it  wiU 
i^pear  that  lighter  loads  will  pro? e  more  adrantageoos  in  point  of  sa? log  sf 
hd."  W. 
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self;  also  the  pkig^-beam  with  its  arch-head  and  chain, 
multiplied  by  the  square  of  its  distance  from  the  axis,  and 
divided  by  the  si|uare  of  half  the  length  of  the  beam ;  also 
the  jack-head  pump-rod^  chain,  and  arch-*head,  multiplied 
by  the  square  of  its  distance  from  the  axis,  and  divided  by 
the  square  of  the  half  length  of  the  beam.  These  articles 
added  into  one  sum  may  be  called  M,  and  may  be  suppo- 
sed to  move  with  the  velocity  of  the  end  of  the  beam.  Sup- 
pose tUs  beam  to  have  made  a  six-foot  stroke  in  two  se- 
GondS|  with  an  uniformly  accelerated  motion.  In  one  se- 
cond it  would  have  moved  li  feet,  and  would  have  acqui- 
zed  the  velocity  of  three  feet  per  second.  But  in  one  se- 
cond gravity  would  have  produced  a  velocity  of  S£  feet  in 
the  same  mass.  Therdbre  the  accelerating  force,  which 
has  produced  the  velocity  of  three  feet^  is  nearly  ^jth  of 

M 
the  weight  Ther^ore  ---;  ^  the  first  constituent  of  m  in  the 

above  investigation.  If  the  observed  velocity  is  greater  or 
less  than  three  feet  per  second,  this  value  must  be  increa- 
sed or  diminished  in  the  same  proportion. 

The  second  cause  of  resistance^  viz.  the  immersion  of  the 
pump-rods  in  water,  is  easily  computed,  being  the  weight 
of  the  water  which  they  displace. 

The  third  causey  the  friction  of  the  pistons,  &c.  is  almost 
insignificant,  and  must  be  discovered  by  experiment. 

The  fourth  cause  depends  on  the  structure  of  the  pumps. 
These  pumps,  when  made  of  a  proper  strength,  can  hardly 
have  the  perforation  of  the  piston  or  bucket  more  than  a 
fourth  part  of  the  area  of  the  working-barrel ;  and  the  ve- 
locity with  which  the  water  passes  through  it  is  increased 
at  least  four  times  by  the  contraction.  The  velocity  of 
the  water  is  therefore  five  times  greater  than  that  of  the 
piston.  A  piston  12  inches  diameter,  and  moving  one  foot 
per  second,  meets  with  a  resistance  equal  to  £0  pounds ; 
and  this  increases  as  the  square  of  the  diameter  and  as  the 
square  of  the  velocity.    If  the  whole  depth  of  the  pit  be 
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divided  into  several  lifts,  this  resistance  msst  be  multiplied 
by  the  number  of  lifts,  because  it  obtains  in  each  pump. 

Thus  we  make  up  the  value  otm-;  and  we  most  acknow- 
ledge that  the  method  is  still  indirect^  because  it  suppoaet 
the  velocity  to  be  known. 

"Wc  may  obtain  it  more  easily  in  another  way,  but  still 
with  this  circumstance  of  being  indirect    We  found  that 

'    p  was  equal  to  V^L  m,  and  consequently  ms  ^-^    Now  in  any 

engine  L  and  p  can  always  be  had ;  and  unless  p  deviates 
greatly  from  the  proportion  which  we  detennined  to  be  the 
best,  the  value  of  m  thus  obtained  will  not  be  very  erro- 
neous. 

37  •  It  was  fiuther  presumed  in  this  investigation,  that 
the  motions  both  up  and  down  were  uniformly  accelera- 
ted ;  but  this  cannot  be*  the  case  when  the  resistances  in* 
crease  with  the  velocity.  This  circumstance  makes  veiy 
little  change  in  the  working-stroke,  and  therefore  the  theo- 
rem which  determines  the  best  relation  c^P  to  L  may  be 
N  confided  in.  The  resistances  which  vary  with  the  velocity 
in  this  case  are  a  mere  trifle  when  compared  with  the  moving 
power  y.  These  resistances  are,  Ist,  The  strangling  of 
the  water  at  the  entry  and  at  the  standing  valve  of  each 
pump :  This  is  about  37  pounds  for  a  pump  12  idches  dia- 
meter, and  the  velocity  of  one  foot  per  second,  increasing  in 
the  dupUcate  ratio  of  the  diameter  and  velocity.  And,  9df 
The  friction  of  the  water  along  the  whole  lift :  This  for  a 
pump  of  the  same  size  and  with  the  same  velocity,  lifting  20 
fathoms,  is  only  about  2}  pounds,  and  varies  in  the  simple 
prc^rtion  of  the  diameter  and  the  depth,  and  in  the  dn-- 
plicate  proportion  of  the  velocity.  The  resistance  arising' 
from  inertia  is  greater  than  in  the  retuming-stroke,  be- 
cause the  M  in  this  case  must  contain  the  momentum  of 
the  water  both  of  the  pit-pumps  and  the  jackhead-pump : 
but  this  part  of  the  resistance  does  not  afiect  the  uniform 
aoceler^tioB.  We  may  therefore  confide  in  the  propriety  of 
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the  fbrmula  y  =  ^.   And  we  may  obtain  the  yelodty  of  diii 

strake  at  the  end  of  a  sooonyd^  with  gpreat  aoctiracy,  as  fol- 
lows* Let  2  g  be  the  velocity  commumcated'  by  graviQr' 
in  a  second,  and  the  velocity  at  the  end  of  the  first  second 
(tf  the  steamvpistpn^s  deteetit  will  be  somewhat  less  than 

^^gi  where  M  expresses  the  inertik  of  all  the  parts  which 

are  in  motion  during  the  descent  of  the  steam-piston,  and 
tha^efiNTe  indildes.  Im    Compute  the  two  resistances  just 

mentioned  fi>r  this  velod^.  Call  this  r.-  Then  ^T!  ■    fi^ 

win  give  another  velocity  infinitely  near  the  truth. 

But  the  case  is-  vecy  different,  in  the  retuming-stroke, 
and  the  proper  ratio  of  p  to  L  is  not  ascertained  with  the 
same  eertainfy  %  for  tbs  mming;  force  p  is  not  so  great  in 
propoilieD  to  the  lesistance  m ;  and  therefore  the  accelerax* 
tioB  of  tiie  BSotkN»  ia  oonsidecablj^  aflbcted  by  it,  and  the, 
Hdtioii^  itielf  is  considerably  retardedf,  and  in  a  vecy  mo* 
derate  time  it  becomes  sensibly  uniform ;  fisir  it  is  precise- 
ly timiaf  to  the  motion  of  a  heaify  body  &lling  through 
the  air,  and  may  be  determined  in  the  manner  laid  down  in 
the  article  ^  Resistance  of  Fluids,"  viz.  by  an  exponential 
caleuluB.  We  shall  content  ourselves  here  with  saying,  that 
the  re^tances  in  the  present  case  are  so  great  that  the 
motion  would  be  to  all  sense  unifi)rm  before  the  pistons 
liftve  descended  one-third  of  their  stroke  even  although 
dwre  were  no  other  circumstance  to  a&ct  it. 

^.  But  this  moticm  is  affected  by  a  circumstance  quite 
unconnected  with  aay  thing  yet  considered^  depending  on 
conditions  not  mechanical^  and  so  uncertain,  that  we  are 
Hot  yet  able  to  ascertain  them  with  any  precision ;  yet  they 
mre  of  the  utmost  importance  to  the  gpod  performance  and 
improvement  of  the  ei^^iae,  and  there&re  deserve  a  parti* 
cnhr  consideradOB. 
.   The  cooBter-welght  has  not  only  to  push  down  the  piunp* 
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Todfi,  botaboitoclrvif^iiip  tfaegrestpist^   Thii iteaimol 

do  uofafs  the  sICBin  be  admitted  into  the  ^^Kadcr.    If  the 

MmatLibe  no  ttronger' than  ^xxnmon  air^  it  cannot  enter  the 

cylinder  except  m  consequeiKe  of  the  piiton's  being  dn^gged 

np.    If  common  air  iwcie  admitted  intO' the  eylinder^  aone 

fferoe  woidd  be  iseqiiired  to  drag  np  die  pistoni  in  the*aame 

•manner  as  it  iBieqoired'tDdnrar  up  the  piston  of  a  common 

syringe ;  fin-  the  air  wonU  rash  through-  the  small  entry  of 

'the  cylinder  in  the  same  aoanner  asthiwigfa  the  small  noe- 

>^  of  the  syringe.    Some  part*  cS  the  atmospheric  pressure 

is  employed  in  driting  In  the  eir  with  soffieient  Telocity  to 

Ml  the>iyringe^  and  it  is  only  with  the  remainder  that  tile 

edmitted  «ir  presses  on  the  under  surface  of  the  syringe. 

Therefore  some  of  the  atmospheric  pressure  on  itS' upper 

iaur&ce  is  not  balanced.    This  is  fielt  by  the  hand  which 

-draws  it  np.    The  samei  thing  arast  faaffien  in  the  steam- 

-eogiae^  end  some  part  of  the  oounter^we^t  is  expended  in 

fdrammffi^p  the  steaaatfistMi.    -We  could  tdl  how  much  it 

tlhos  ezpended  if  weloiew  the  density  ef. the  steam;  for  this 

-would  tell  as^tiie.Teloeity  with-vMeh  its  dastidty  would 

<«anseit  lD( fill  the  ig^ittlder. 

^But<ell  this  is  en  the  supposition  that>  there  is  anwa- 
'boimded  ^wpply  of  steam  of  undiminished  elasticity.    This 
isbyifio  aMans  tbeease.    Inmnediately  before  opening  the 
^steam-*cockr  Ae  steaim  was  issuing  through  the  safety^valre 
4md  all  the  csevioes  in  the  topof  the  boiler,  and  (in  good 
'^engines) .  was  about  >,^y^  stronger  or  mere  elastic  than  air. 
This  had  been  gathering  daring  semethti^  more  than  the 
^dsseent  of  the  piston,  viz.  in  about  three  seconds.    The 
i  pis^oU'  rises  |o  the  4op  hiaboiit  two  seconds ;  ther^ore  about 
'twice  and  a  half  as  much  steam  as'fills  the  dome  of  the 
'boiler  i»  nowdiared  between  the  boiler  mtid  cylinder.  The 
dome  is  commonly  about  six'  times  more  capacious  Ihan  the 
'  ^linder.    If  therefore  no  steam  is  condensed  in  the  cylin- 
der, the  density  of  the  steam,  when  the  piston  has  reached 
the  topi*  nmst  be  lAnrnt  Hthaef  ito  former  density,  and  still 
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more  elastic  than  air.  But  as  much  steam  is  condensed  by 
the  cold  cylinder,  its  elasticity  must  be  less  than  this.  We 
cannot  tell  how  much  less,  both  because  we  do  not  know 
how  much  is  thus  condensed,  and  because,  by  this  diminu- 
tion of  its  pressure  on  the  surface  of  the  bailing  watery  it 
most  be  more  copiously  produced  in  the  boil^^  but  an 
attentive  observation  of  the  engine  will  give  us  some  in- 
formation. The  moment  the  steam-cock  is  opened  we  have 
a  strong  puff  of  steam  through  the  snifting-valve.  At  this 
time,  therefore  it  is  still  more  elastic  than  air ;  but  after 
this,  the  snifting-valve  remains  shut  during  the  whole  rise 
of  the  piston,  and  no  steam  any  longer  issues  through  the 
safety-valve  or  crevices  s  nay,  the  whole  dome  of  the  boiler 
may  be  observed  to  sink, 

39*  These  &cts  give  abundant  proof  that  the  elasticity  of 
the  steam  during  the  ascent  of  the  piston  is  greatly  dimi- 
nished, and  therefore  much  of  the  counter-weight  is  ex- 
pended in  dragging  up  the  steam-piston  in  opposition  to 
the  unbalanced  part  of  the  atmospheric  pressure.  The 
motion  of  the  retuming-stroke  is  therefore  so  much  de- 
ranged by  this  foreign  and  inappredated  circumstance, 
that  it  would  have  been  quite  useless  to  engage  in  the 
intricate  exponential  investigation,  and  we  must  sit  down 
contented  with  a  less  perfect  adjustment  of  the  counter- 
weight and  weight  of  water. — Any  person  who  attends  to 
the  motion  of  a  steam-engine  will  perceive  that  the  descent 
of  the  pump-rods  is  so  for  from  being  accelerated,  that  it  is 
nearly  uniform,  and  frequently  it  is  sensibly  retarded  to* 
wards  the  end.  We  learn  by  the  way,  that  it  is  of  the 
utmost  importance  not  only  to  have  a  quick  production  of 
steam,  but  also  a  very,  capacious  dome,  or  empty  space 
above  the  water  in  the  boiler.  In  engines  where  this  space 
was  but  four  or  five  times  the  capacity  of  the  cylinder,  we 
have  always  observed  a  very  sensible  check  given  to  the 
descent  of  the  pump-rods  after  having  made  half  their 
stroke.  This  obliges  us  to  employ  a  greater  oountet-weight. 
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which  diminiflhes  the  odamn  of  water,  or  retards  the  work* 
iDg-stroke ;  it  alto  obliges  as  to  employ  a  stronger  steam, 
at  the  ritk  of  bursting  the  boiler,  and  increases  the  expence 
crf'fueL 

40.  It  would  be  a  most  desirable  thing  to  get  an  exact 
knowledge  of  the  elasticity  of  the  steam  in  the  cylinder; 
and  this  is  by  no  means  difficult.  Take  a  long  glass  tube 
exactly  calibered,  and  close  at  the  farther  end.  Put  a  small 
drc^  of  some  coloured  fluid  into  it;  so  as  to  stand  at  the 
middle  nearly. — Let  it  be  placed  in  a  long  box  filled  with 

'Water  to  keep  it  of  a  constant  temperature.  Let  the  open 
end  communicate  with  the  cylinder,  with  a  cock  between* 
The  moment  the  steam-cock  is  opened,  open  the  cock  of 
this  instrument.  The  drop  will  be  pushed  towards  the  close 
end  of  the  tube,  while  the  bteam  in  the  cylinder  is  more 
elastic  than  the  air,  and  it  will  be  drawn  the  other  way 
while  it  is  less  elastic,  and,  by  a  scale  properly  adapted  to 
it,  the  elasticity  of  the  steam  corresponding  to  every  posi* 
'lion  of  the  piston  may  be  discovered.  Tlie  same  thing 
may  be  done  more  accurately  by  a  barometer  properly  con* 
structed,  so  as  to  prevent  the  oscillations  of  the  mercury. 

41.  It  is  equally  necessary  to  know  the  state  of  the  cylin- 
der during  the  descent  of  the  steam-piston.  We  have 
hitherto  supposed  P  to  be  the  full  pressure  of  the  atmosphere 
on  the  area  of  the  piston,  supposing  the  vacuum  below  it  to 
be  complete.  But  the  inspection  of  our  table  of  eleaticitf 
shews  that  this  can  never  be  the  case,  because  the  cylinder 
is  always  of  a  temperature  far  above  d£*.  We  have  made 
many  attempts  to  discover  its  temperature.  We  have  em- 
ployed a  thermometer  in  dose  contact  widi  the  side  of  the 
cylinder,  which  soon  acquired  a  steady  temperature :  this 
was  never  less  than  145^.  We  have  kept  a  thermometer  in 
the  water  which  lies  on  the  piston :  this  never  sunk  below 
1 35*.  It  is  probable  that  the  cylinder  within  may  be  cooled 
somewhat  lower ;  but  for  this  opinion  we  cipiilot  give  any 
very  satis&ctory  reason.     Suppose  it  cooled  down  to  1^*9 
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4lii8  will  ]fla.inean  elasticity' i^hich«woaId^npport  three  inches 
.efiiDtfrcmy.  We ^oftpiiot'< think,  >t)iereforey  thi^t.tbe  unba- 
lanced :pres8iure  of.  the  Atmq^Uiareexpeedsithatof  S7  inches 
of  mercury,  whiclT  is  about  IdJ  pounds  on  a  square inchf 
jor;10i.on.|t  circular  inch.  And  this  is  thevahie  vi^hich  we 
should  .employ tin  .the  equation  PsLif-^.  This  question 
taiay  be  decided,  in  the  same.wayas  the  other,  by^a^faaro- 
/meter  connected  with;  the  inside  o£  the  cylinder.* 

vAnd.  thus  ive  shall  loam.'tbe  Jtate^of  the  moving  forces  in 
;9very> moment  of  the  performance,  and  the  .machine  will 
Ih^  beriis  open  to  onr  examination  as  any  water  or  horse 
ttill  $ .  and  till  this;  be  don^  or  something  equivalent,^  we  can 
cnly  gues&  at  what  the  machine  is  actually  perfcnrming,  and 
jve.  cannot  tell  in  what, particulars. we  can  lend  it  a  help- 
ing hand.  We  are  informed  that  Messrs  Watt  and  Boul- 
|on  have  made  this  addition  to  soma  of  their  engines ;  and 
<we«re  persuaded  that,  from  tjie^  information  which  they 
have  derii^i  from  it, .  they  have  been  enabled  tOi  make  tlu> 
jQUiious  improvements  from  whith  they  have  acquired  so 
snoch  F^Hi^on  -sad.  profit. 

42.  Tbere>is  a  oirciimstance  of  which  we  have  as  yet 
taken  no  notice^  viz.  the  quantity  of  cold  water  injected. 
Here  .we  confess,  our^vcs  unable  to  give  any  precise  in- 
structions. It  is  dear  at  first  sight  that,  no  more  than  is 
^solntely  necessary  shoukl  be  injected.  It.  must  generally 
be. supplied  by  the  engine^  jmid  this  expends  part  of  its 
power.  An  excess  is.  much  more  hurtful  bycoaUng  the 
^linder  and  piston  too  much,  and  therefore  wasting  steam 
during  the  next  rise  of  the  piston.  Bnt  the  determination 
of  I  the .  prefer  quantity  requires  a  knowledge,  which  we 


*  "By  examining  tbe  hot  irater  which,  iasuet  from  (he  ed action-pipe  of 
several  of  Newcomen'»  engines^  its  heat  was  found  to  yarj  from  14S^  to  174®, 
according  to  the  load  and  other  circomstances  of  the  engine  ;  and  the  heat  of 
the  water  discharged  at  that  pipe  ipay  bo  taken  a»  a  fair  indication  of  tbc  in* 
rerasl  hb«t  of  the  cjlioder."  .  W. 
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have  not  yet  acquired,  of  the  quantity  of  heat  contained  in 
tbe  iteam  in  a  latent  form.  As  much  water  must  be  inject- 
ed as  will  absorb  all  this  without  rising  near  to  the  boiling 
temperature.  But  it  is  of  much  more  importance  to  know 
how  far  we  may  cool  the  cylinder  with  advantage ;  that  i% 
when  will  tbe  loss  of  steam,  during  the  next  rise  of  thd 
piston,  compensate  for  the  diminutidn  of  its  elasticity  during 
its  present  descent?  Our  table  of  elasticities  shows  us,  that 
by  cooling  the  cylinder  to  120*,  we  still  leave  an  elasticity 
equal  to  one-tenth  of  the  whole  power  of  the  engine ;  if  w6 
cool  it  only  to  140,  we  leave  an  elasticity  of  one-fifth ;  if 
we  cool  it  to  a  blood-heat,  we  leave  on  elasticity  of  one- 
twentieth.  It  is  extremely  difficult  to  choose  among  these 
varieties  Experience^  however,  informs  us,  that  the  best 
engines  are  those  which  use  the  smallest  quantities  of  in- 
jection-water«  Mr  Watt's  observations,  by  means  of  the 
barometer,  must  have  given  him  much  valuable  information 
in  this  particular,  and  we  hope  that  he  will  not  withhold 
them  from  the  public. 

43.  We  have  gone  thus  &r  in  the  examination,  in  order 
seemingly  to  ascertain  the  motion  of  the  engine  when  load* 
ed  and  balanced  in  any  known  manner,  and  in  order  to 
discover  that  proportion  between  the  moving  power  and 
the  load  which  will  produce  the  greatest  quantity  of  work. 
The  result  has  been  very  unsatisfactory,  because  the  com- 
putation of  the  retuming^stroke  is  acknowledged  to  be  be- 
yond our  abilities.  But  it  has  given  us  the  opportunity  ot 
directing  the  reader's  attention  to  the  leading  circumstances 
in  this  enquiry.  By  knowing  the  internal  state  of  the  cy- 
linder in  machines  of  very  different  goodness,  we  learn  the 
connection  between  the  state  of  tbe  steam  and  the  perform- 
ance of  the  machine  $  and  it  is  very  possible  that  the  result 
of  a  full  examination  may  be^  that  in  situations  where  fiiel 
is  expoisive^  it  may  be  proper  to  employ  a  weak  steam 
which  will  expend  less  fuel,  ^though  less  work  is  perform- 
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ed  by  it.  We  shall  see  this  confirmed  in  the  clearest  man- 
ner in  some  p^cular  employments  of  the  new  engines 
invented  by  Watt  and  Boulton. 

In  the  mean  time^  we  see  that  the  equation  which  we 
gave  firom  the  celebrated  Abb6  Bossut  (art.  SO),  is  in  every 
respect  erroneous,  even  for  the  purpose  which  he  had  in 
view. ,  We  also  see  that  the  equation  which  we  substituted 
in  its  place  (art.  32),  and  which  was  intended  for  deter- 
mining that  proportion  between  the  counter-weight  and 
the  moving  force^  and  the  load  which  would  render  the 
working-stroke  and  returning-stroke  of  equal  duration,  is 
also  erroneous,  because  these  two  motions  are  extremely 
diflerent  in  kind,  tht  one  being  nearly  uniform,  and  the 
other  nearly  uniformly  accelerated...  This  being  supposed 
tm^  it  should  follow  that  the  counter-weight  should  be 
reduced  to  one  half;  and  we  have  found  this  to  be  very 
nearly  true  in  some  good  engines  which  we  have  examined. 

44.  We  shall  add  but  one  observation  more  on  this  head. 
The  practical  engineers  have  almost  made  it  a  maxim,  that 
(he  two  motions  are  of  equal  duration.  But  the  only  rea- 
son which  we  have  heard  for  the  maxim  is,  that  it  is 
awkward  to  see  ap  engine  go  otherwise.  But  we  doubt 
exceedingly  the  truth  of  this  maxim,  and^  without  being 
able  to  give  any  accurate  determination,  we  think  that  the 
engine  will  do  more  work  if  the  working-stroke  be  made 
slower  than  the  returning-stroke.  Suppose  the  engine  so 
constructed  that  they  are  made  in  equal  times  $  an  addi- 
tion to  the  counter-weight  will  accelerate  the  returning- 
stroke  and  retard  the  working-stroke.  But  as  the  counter*- 
weight  is  but  small  in  proportion  to  the  unbalanced  portion 
of  the  atmospheric  pressure,  which  is  the  moving  force  of 
the  machine,  it  is  evident  that  this  addition  to  the  counter- 
weight must  bear  a  much  greater  proportion  to  the  counter- 
weight than  it  does  to  the  moving  force,  and  must  therci- 
fpre  accelerate  the  returning-stroke  much  more  than  it 
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nfCards  &e  worldng-stroke,  Bnd  the  ttme  of  both  firoket 
taken  together  must  be  diminished  bjr  diis  addition  and 
the  performance  of  the  machine  improved ;  and  this  most 
be  .the  case  as  ioog  as  the  machine  is  not  extravagantly 
loaded.* 

It  is  needless  to  engage  more  deeply  in  srientific  calctf* 
lations  in  a  sabject  where  to  many  of  the  data  are  so  rerj 
imperfectly  understood. 

45.  Before  quitting  this  machine^  it  will  not  be  amiss  to 
give  some  easy  rules,  sanctioned  by  successful  practice^  for 
computing  its  performance.  These  will  enable  any  artistf 
who  can  go  through  simple  calculations*  to  suit  the  size  of 
his  engine  to  the  task  which  it  is  to  perform. 

The  circumstance  on  which  the  whole  computatioo  most 
be  founded  is  the  quantity  of  water  w4iich  mnst  be  drawn 
in  a  minute^  and  the  depth  of  the  mine ;  and  the  perfonn* 
ance  which  may  be  expected  from  a  good  ei^ine^  is  at  least 
1£  strokes  per  minute  of  six  feet  each^  working  against  a 
column  of  water  whose  weight  is  eqasA  to  half  of  the  atmo- 
spheric pressure  on  the  steam-piston^  or  rather  to  7.04 
pounds  on  every  square  inch  of  its  sarfiusa. 

It  is  most  convenient  to  estimate  the  quantity  of  water 
in  cubic  feet,  or  its  weight  in  pounds,  recollecting  that  a 
cubic  loot  of  water  wei^s  6di  pounds.  The  depth  of  the 
pit  is  usually  reckoned  in  fathoms  of  six  feet,  and  the  dia* 
meter  of  ths  cylinder  and  pump  is  usually  reckoned  in 
inches. 


*  "  It  it  now  generally  agreed,  that  an  engine  to  w«rk  well  thoald  ouik* 
the  acting  ftroke  in  lesi  time  than  the  returning  one»  or,  in  the  engin«HBm*t 
term,  ahoatd  go  oat  slower  than  it  comet  in  ;  for,  if  the  hucketi  of  the  pnmpa 
are  d^fcctite,  ai  b  often  the  case,  the  qnicker  the  stroke  is  taken«  the  less 
water  will  be  UMt,  and  the  slower  the  retuming-stroke  is,  the  throttling  caosad 
by  the  smallnest  of  the  apertnret  io  the  bucket  of  the  ptimp  wiU  cante  the 
kM  Niiatsaee  le  ili  dcseeat,'' 
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I<et  Q  be  the  quanti^  of  water  to  be  drawn  per  minute 

IP  cubical  ieet,  and/ the  depth  of  the  mine  in  fathoms;  le( 

c  be  the  diameter  of  the  cylinder,  and  p  that  of  the  pumpj 

and  let  us  suppose-  the  arma  of  the  beapn  to  be  of  equal 

length. 

...  lat^  To^qd  the  diameter  of  the  pnmp,  the  area  of  the 

0.7854 
^  piston  in  square  feet  is  p*  X   '        ,    The  length  of  the 

p^huw  dfawM  i^  one  minute  ia  13  timet  6,  or  72  ffoet,  and 

therefore  its  sohd  contents  is  p*  X r-^ ■  cubical  teet^ 

'^  144 

or  p?  X0.3987  cubical  feet.    This  must  be  equal  to  Qi 

Q 

therefore  p*  must  be  ^     or  nearfjr  Qx^i-    Hence 

thin  praeticajl  r^W :  Multiply  the  cubi^  feet  of  water  whicl| 
mml  be  dra^wn  vi  a  mipute  by  2i»  and  extract  the  square 
loot  of  the  prodnot :  this  will  be  the  diameter  of  the  pump" 
kincbes. 

Thua  suppose  that  58  cubic  feet  must  be  drawn  eyery 
pinuie;  58  multiplied  by  2  J  giv^  145»  of  which  the 
square  root  is  12^  which  is  the  required  diameter  of  the 
pump. 

2«  To  find  the  proper  diameter  of  the  cylinder* 
The  piston  is  to  be  loaded  with  7.64  pounds  on  evei7 
square  inch«  Tbis  is  equivalent  to  six  pounds  on  a  dr^ 
cular  inch  very  nearly.  The  weight  of  a  cylinder  of  water 
an  inch  in  diameter  and  a  fathom  in  height  is  SV^  poundsy 
or  nearly  two  pounds.     Hence  it  follows  that  6  c^  must 

be  made  equal  to  2/p*,  and  that  c*  is  equal  to    '       >  or 

3 
Hence  the  following  rule :  Multiply  the  square  of  the 
diameter  of  the  pump-piston  (found  as  above)  by  the  far 
thoms  of  lift,  and  divide  the  product  by  3;  the  square  roo( 
pf  the  quotiljnt  is  the  diameter  of  the  cylinder. 


^ 
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Suppose  the  pit  to  which  the  foregoing  pump  is  to  be 
applied  is  24  fathoms  deep ;  then 5—  gives  ]  152,  of 

which  the  square  root  is  34  inches  very  nearly. 

This  engine  constructed  with  care  wiil  certainly  do  the 
work. 

Whatever  is  the  load  of  water  proposed  for  the  engine, 
let  10  be  die  pounds  on  every  circular  inch  of  the  steam- 

piston,  and  make  e*s:p*  x  — ,  and  the  square  root  will  be 

the  diameter  of  the  steam*piston  in  inches. 

To  free  the  practical  engineer  as  much  as  possible  from 
all  trouble  of  calculation,  we  subjoin  the  following  Table  of 
the  Dimemons  and  Power  of  the  Steam-EngtMi  drawn  up 
Mr  Beighton  in  ilM,  and  fully  verified  by  practice  since 
that  time.  The  measure  is  in  English  ale  gallons  of  2M 
cubic  inches. 
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M.  The  tint  part  of  the  table  gives  the  size  of  the  pump 
soited  to  t|ie  growth  of  water.  The  second  gives  the  size  of 
die  cylinderisuited  to  the  load  of  water.  If  the  depth  it 
greater  than  any  in  this  tables  take  its  fourth  part^  and 
double  the  diameter  of  the  cylinder.  Thus,  if  150  hogs- 
heads are  to  be  drawn  in^an  hour  from  the  depth  of  ICX)  fa- 
thoms, the  last  cohimn  of  part  first  gives  for  149.40  a  pump 
of  seven  inches  bore.  In  a  line  with  this,  under  the  depth 
of  50  yards,  which  is  one-fourth  of  100  fathoms,  we  find 
£0i,  the  double  of  which  is  41  inches  for  the  diameter  of 
the  cylinder. 

It  is  almost  impossible  to  give  a  general  rule  for  strokes 
of  difierent  lengths,  &c.,  but  one  who  professes  the  ability 
to  erect  an  engine,  should  surely  know  as  much  arithmetic 
as  will  accommodate  the  rule  now  given  to  any  length  of 
stroke. 

We  venture  to  say,  that  no  ordinary  engineer  can  tell 
i  priori  the  number  per  minute  which  an  ragine  will  give. 
We  took  twelve  strokes  of  six  feet  each  for  a  standardf 
which  a  careful  engineer  may  easily  accomplish,  and  which 
an  employer  has  a  right  to  expect,  the  engine  being  loaded 
with  water  to  half  the  pressure  of  the  atmosphere :  if  the 
the  load  be  less,  there  is  some  fault ;  .an  improper  counter- 
weight, or  too  little  boiler,  or  leaks,  &c.  &c. 

47.  Such  is  the  state  in  which  Newcomen's  steam-engine 
had  continued  in  use  for  60  years,  neglected  by  the  philo- 
sopher, although  it  is  the  most  curious  object  which  human 
ingenuity  has  yet  offered  to  his  contemplation,  and  aban- 
doned to  the  efforts  of  the  ^unlettered  artist.  Its  use  haa 
been  entirely  confined  to  the  raising  of  water.  Mr  Keane 
Fitzgerald^  faideed,  published,  m  the  Philosophical  Trant- 
actions  in  1758,  a  method  of  converting  iU  redprocatuig 
motion  into  a  continued  rotatory  motion  by  employing  a 
combination  of  large-toothed  wheeb,  and  of  smalkr  ratchet-- 
wheeb,  worked  by  teeth  upon  the  arch  or  sector  (f  the  great 
heam.    One qfthesf  ratcheUwheeUbmg  jnU im im^wnl^the 


a$cint  of  the  beams  ^^d  standing  still  during  its  discent,  when 
amoiier  ratchet-wheel  is  taooed  6y  an  intervening  wheel  in  the 
^vne  direction  as  thejirst,  and  thus  the  two  communicate  a  cwt- 
Hmted  rotative  motion  to  the  axis  on  which  they  are  placedf 
which  is  thence  transmitted  by  a  large-toothed  wheel  to  a  smalt* 
eau  wheel  or  pinion,  on  the  shaft  of  which  is  a  fly,  to  accwmdate 
momentum^  and  a  crank  proposed  to  be  applied  to  work  venti" 
bUors,  and  to  many  other  useful  purposes.  The  fly,  by  aecumu^ 
htingin  itself  the  power  of  the  machine  during  the  time  it  was 
acted  upon,  would  continue  in  motion,  and  urge  forward  the 
machinery  whilst  the  steam-engine  was  going  through  its  inac^ 
tioe  returmng-strdu.    This  will  be  the  caie^  provided  that 
the  resistance  exertpd  by  the  working-machine  during  the 
whole  period  of  the  working  and  retnrping-stroke  eS  the 
tteani-engine»  together  with  the  friction  of  both,  does  not 
exceed  the  whole  pressure  exerted  by  the  steam-engine  du« 
ring  its  working-stroke;  and  provided  that  the  momentum 
of  the  fly^  arising  from  its  great  weight  and  velocity*  be  very 
great^  so  that  the  resistance  of  the  work  during  oneretuming- 
ftrohiie  of  the  steam-engine  do  not  make  any  very  sensible  di* 
miqntion  of  the  velocity  of  the  fly.   Tliis  is  evidently  possible 
and  easy.  The  fly  may  be  made  of  any  m^^nitude ;  and  being 
exactly  balanced  round  its  axis,  it  will  soon  acquire  any  velo- 
city consistent  with  the  motion  of  the  steam-engine*  During 
th^  working- stroke  of  the  engine  it  is  uniformly  accelerated, 
W^  by  its  acq^ired  momentum  it  produces  in  the  beam  the 
inovement  of  the  returning-stroke ;  but  in  doing  tbis^  its  mo« 
mentum  is  shared  with  the  inert  matter  of  the  8team-en« 
gine,  and  consequently  its  velocity  diminished*  but  not  en- 
tirely taken  away.  The  next  working-stroke^  therefore^  by 
pressing  on  it  afresh^  increases  its  remaining  velocity  by  a 
quantity  nearly  equal  to  the  whole  that  it  acquired  during 
the  first  stroke.    We  s^y  nearly,  but  not  quite  equal*  be- 
cause t^ie  time  of  the  seciond  working-stroke  must  be  short- 
^  than,  that  of  the  first*  on  account  of  the  velocity  already 
W  th^  m^iPlMn^    tn  tbi^  mmnei  tb(9  fly  wiUbe  more  and 
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more  ftocolcratad  every  sucoeeding  stroke^  because  the 
pieteure  of  the  engine  during  the  working-Mdce  does  mom 
then  restore  to  the  6y  the  momentum  whidi  it  kwt  in  pro* 
diicing  the  returning  movement  of  the  steam-engine.  Now 
suppose  the  working  part  of  the  machine  to  be  added*  The 
acceleration  of  the  Qy  during  each  working-stroke  erf*  the 
s^cam-engine  will  be  less  than  it  was  before^  because  the 
impeUing  pressure  is  now  partly  employed  in  driving  the 
working-machine,  and  because  the  fly  will  lose  more  of  ita 
momentum  during  the  retuming-stroke  of  the  steam«en» 
gine,  part  of  it  being  expended  in  driving  the  working-ma-' 
chine.  It  is  evident,  ther^re,  that  a  time  will  come  when 
the  successive  augmentation  of  the  fly's  velocity  will  cease ; 
for,  cm  the  one  hand^  the  continual  acceleration  diminish* 
es  the  time  of  the  next  working«stroke^  and  therefore  the 
tiii^e  of  action  of  the  accelerating  power.  The  acceleratioa 
must  diminish  in  the  same  proportion ;  and,  on  the  other 
hand,  the  resistance  of  the  working-machine  generallyf 
though  not  always,  increases  with  its  vek>city.  The  acce- 
leration ceases  whttiever  the  addition  nmde  to  the  momair* 
tum  of  the  fly  during  a  working-stroke  of  the  steam-engine 
is  just  equal  to  what  it  loses  by  driving  the  machine^  and  by 
producing  the  returning  movement  of  the  steam-engine. 

48.  This  must  be  acknowledged  to  be  a  very  important  ad« 
,dition  to  the  engine,  and  though^  sufiiciently  obvious,  it  ia 
ingenious^  and  requires  considerable  skill  and  address  tcr 
make  it  ^fective.* 


*  We  do  not  recollect  at  preieBt  the  date  of  this  propoial  of  Mr  Fitsge- 
rald  ;  but  in  I7S1  the  Abb^  Arnai,  canon  of  Alait,  in  Laoguedoc,  entertained 
a  thought  of  the  same  hind,  and  proposed  it  for  working  lighters  in  the  inland 
a^vigationa ;  a  mknae  which  has  been  sooces&fialiy  practised  (we  are  told)  iit 
^uactUtL  Ub  hrotbtr,  a  major  of  engineers  in  the  Austrian  sanrice*  hav 
carcied  thia  thing  nmoh  Isrthec^  and  applied  it  to  nannfactofcs ;  and  the  Ao» 
lie  Chamber  of  Miaea  at  Vienna  has  patronised  ike  project.  (Sm  Jtmmmt 
SB^cUpedifue,  1781.)  Bat  these  schemes  are  Wng  posterior  to  Air  Fitsge^ 
*  |ild?i.9atMl^  mX  v  et  «&  Istsi  tlvun  U«  eitfltioaoC  sercral  mwhinm^^tknm 
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Tbe  movement  of  the  worldng-machine^  or  mill  of  wbat- 
ercr  Idadf  must  be  in  some  degree  hobbling  or  unequal. 
Boi  this  may  be  made  quite  insensible^  by  making  the  ij 
eiceedingly  large,  and  disposing  the  greatest  part  of  its 
wdght  in  the  rim.  By  these  means  its  momentmn  may  be 
made  so  great»  that  the  whole  force  required  for  driving  the 
mill  and  producing  the  returning  movement  of  the  engine^ 
may  bear  a  very  small  proportion  to  it*  The  diminution  of 
ks  velocity  will  then  be  very  trifling. 

No  counter-weight  is  absolutely  necessary  here^  because 
the  returning  movement  is  produced  by  the  inertia  of  the 
fly.  A  counter*weight  may^  however^  be  employed,  and 
sbonld  be  employed,  viz.  as  much  as  will  produce  the  re- 
turning movement  of  the  steam-engine.  It  will  do  this  bet- 
ter than  the  same  force  accumnlated  in  the  fly  i  for  this 
force  must  be  accumulated  in  the  fly  by  the  intervention  of 
rubbing  parts,  by  which  some  of  it  is  lost  i  and  it  must  be 
afterwards  returned  to  the  engine  witii  a  similar  loss.  But^ 
for  the  same  reason,  it  would  be  improper  to  make  the 
counter-weight  also  able  to  drive  the  mill  during  the  re- 
turning stroke. 

49.  By  this  contrivance  Mr  Fitzgerald  hoped  to  render 
the  steam-engine  of  most  extensive  use  ;  and  he,  or  others' 
associated  with  him,  obtained  a  patent  excluding  all  others 
fix)m  employing  his  vivention.  They  also  published  propo- 
sals for  erecting  mills  of  all  kinds- driven  by  steam-engines, 
and  stated  very  fairly  their  powers  and  their  advantages^ 
But  their  proposals  do  not  seem  to  have  acquired  the  confi--- 
dence  of  the  public ;  for  we  do  not  know  of  any  mill  ever 
having  been  erected  under  this  patent.* 

■  _       ■  _  •      -  ■  ~ 

by  ifceam-engiDcs  which  have  been  erected  bj  Messrs  Watt  and  Boalton.  We 
think  it  our  duty  to  state  these  particulars^  because  it  i»  very  usual  for  our 
Bcighbourson  the  continent  to  assume  the  credit  of  British  inventions.  Dr  R. 
*  <*  It  would  seem,  from  Mr  Fitzgerald's  own  account  in  the  Philosophical 
Transactions,  that  he  had  made  a  model  of  it,  but  he  does  not  say  it  had  bees 
■s  actual  ttie ;  not  ii  it  likely,  from  it»  estreae  compleuty  and  other  4efect«» 
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50.  The  great  obstacle  to  tliis  extensm  «k  of  the  steam* 
engioe^  is  the  prodigious  expense  of  fiid.  An  engine  ba- 
riog  a  cylinder  of  four  feet  diamettri  working  night  and 
day,  consumes  atx)ut  3400  chaldron  (London)  of  good 
coals  in  a  year. 

51.  This  circumstance  Kmits  the  use  of  steam*enginet 
exceedingff •  To  draw  water  from  cod-pits  where  thej 
can  be  stocked  with  unsaleable  small  coal,  they  are  of  uni- 
Tersal  employment :  abo  for  valuable  mines,  fer  supplying 
a  great  and  wealthy  city  with  water,  and  a  few  other  pur- 
poses, where  a  great  expense  can  be  borne,  they  are  yery 
proper  engines ;  but  in  a  thousand  cases,  where  their  unli- 
mited powers  might  be  vastly  serviceable^  the  enormous  fX« 
pense  of  fuel  completely  excludes  them.  We  cannot  doubt 
but  that  the  attention  of  engineers  was  much  directed  to 

,  every  thing  that  could  promise  a  diminution  of  this  expense* 
Every  one  hod  his  particular  nostrum  for  the  constructioo 
of  his  furnace,  and  some  were  undoubtedly  more  successful 
than  others.  But  science  was  not  yet  suflBciently  advanced : 
It  was  not  till  Dr  Black  had  made  his  beautiful  discovery  of 
latent  heat,  that  we  could  know  the  intimate  relaticm  be- 
tween the  heat  expended  in  boiling  off  a  quantity  of  water 
and  the  quantity  of  steam  that  is  produced. 
Much  about  the  time  of  this  discovery,  viz.  l765-4j  Mr 


thatj  ha4  it  «ver  been  carried  into  pnictice»  tbe  nie  of  it  would  have  b€«B 
pertevered  in.  Vp6n  en  accorate  •earcb  at  tbe  different  office*,  it  does  noC 
appear  that  any  patent  was  taken  oat  bj  Fitzgerald,  nor  hare  I  any  know- 
ledge of  tbe  pro|K>sals  mentioned  in  tbe  text. 

"  On  tbe  application  of  tbe  crank  to  prodnce  rotative  motions  from  tb« 
iteas-engine,  I  shall  treat  more  at  length  in  describing  tbe  new  engine. 

"  Some  imperfect  and  onsnccessfal  attempts  were  made  in  the  years  176r 
and  1769,  by  Mr  John^ewart,  and  Mr  Dagald  Clarke,  toderiTC  aeontinned 
lotatiTe  motion  from  Newcomen's  engine,  to  be  applied  to  sugar-mills  in  Ja« 
maica;  and  something  of  the  kind  was  attempted  at  Hartley  colliery,  near 
Newcastlt.  Tbe  apparatoi  of  all  of  them  appears  to  have  been  complex, 
liable  to  breakages  and  derangements,  and  not  sosceptible  of  regularity ;  im 
conseqaence  •£  whi^  th«i€  Khsnct  weft,  I  beliofe,  toon  •baadoood."  W« 
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James  Watt,  established  in  Glasgow  oi  a  f^thanatical  in- 
9Mbnewt  maker,  wat  employed  to  repair  a  working  model  of 
Ae  steam-engine  which  belonged  to  the  philosophical  ap- 
paratus of  the  university.  Mr  Watt  was  a  person  of  a 
truly  philosophical  mind,  eminently  conversant  in  all  bran- 
ches of  natural  knowledge,  and  the  friend  of  Dr  Black- 
s'. In  the  course  of  that  repairti  many  curious  facts  in 
the  production  and  condensation  of  steam  occurred  to  him; 
ind,  among  others,  that  remarkable  fiu;t  which  is  always  ap- 
pealed to  by  Dr  Black  as  the  proof  of  the  immense  quanti- 
tj  of  heat  which  is  contained  in  a  very  minute  quantity  of 
water  in  the  form  of  elastic  steam.  When  a  quantity  of 
water  is  heated  several  degrees  above  the  boiling  point  in  « 
dose  digester^  if  a  hole  be  opened,  the  steam  rushes  out 
with  prodigidus  violence^  and  the  heat  of  the  remaining  wa- 
ter is  reduced,  in  the  course  of  three  or  four  seconds^,  to 
the  boiling  temperature.  The  wlUer  of  the  steam  which 
kas  issued  amounts  only  to  a  very  few  ounces ;  and  yet  these 
have  carried  o£P  with  them  the  whole  excess  of  heat  from 
the  ifrater  in  the  digester.* 

59.  Since  thai  a  certain  quantity  of  steam  contains  so 
great  a  quantity  of  heat,  it  must  expend  a  great  quantity  of 


«  "  When  the  digester  was  set  upon  a  steady  fire  for  a  given  time,  half  an 
hour  for  instance,  the  steam  being  allowed  to  issue  freely  by  keeping  the 
safety-valve  quite  •pen,  and  the  quantity  of  water  evaporated  in  that  lim€{ 
Wing  ascertained ;  if  the  digester  was  aigain  placed  on  the  fire,  and  continued 
for  an  equal  time  with  the  safety-valve  thut,  upon  opening  that  valve  a  quan- 
tity of  steam  would  issue' with  violence  ;  and  when  the  elasticity  of  the  steam 
Issuing  was  reduced  to  that  of  the  atmosphere,  i  found  the  quantity  of  water 
evaporated  in  these  circumstances  was  apparently  the  same  as  had  evapora- 
ted in  an  equal  time  when  the  valve  was  constantly  open  :  From  whence  I 
concluded,  that  the  quantities  of  water  evaporated  in  any  given  time,  were 
proportional  to  the  quantity  of  heat  which  entered  it  €t  cdtteris  paribus  to  the 
■arfaces  exposed  to  the  fire,  and  not  to  the  surfaces  exposed  to  the  air,  as  had 
been  supposed,  and  ar  is  the  case  where  the  air  is  the  sole  agent  o^  evapora- 
tion lit  heaU  below  boiling.  (See  Or  Black's  Lectures,  articles  Latent  Heat, 
•ad  hnprovenciiu  on  the  Steam-fingiiit^  p.  100,  ct  leq./*    W.: 
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fiid;  and  no  oonstnictkm  of  faniace  can  prerent  thuu  Mr 
Walt,  cherebre,  set  his  invention  to  woi4c  to  discoTer  me^ 
tbods  of  husbanding  this  heat.  The  cylinder  of  his  little 
model  was  heated  almost  in  an  instant,  so  that  it  cpold  not 
be  touched  by  the  hand.  It  could  not  be  otherwise^  be^ 
pause  it  condensed  the  raponr  by  abstracting  its  heat.  But 
pXL  the  heat  thus  communicated  to  the  cylinder,  and  wasted 
by  it  on  rarronnding  bodies,  contributed  nothing  to  the  perp 
ibrmance  of  the  engine^  and  roust  be  taken  away  at  every 
injection,  and  again  oo^imunicated  and  wasted.  Mr  Watt 
quickly  understood  the  whole  process  which  was  going  on 
within  the  cylinder,  and  which  we  have  considered  so  mi* 
Butdy,  and  saw  that  a  very  considerable  portion  of  the 
slieam  must  be  wasted  in  warming  the  i^linder.  His  first 
attempts  were  made  to  ascertain  how  much  was  thus  waat 
ted,  and  he  fbund  that  it  was  mamf  times  as  much  as  would 
W  the  cylinder  and  work  the  ei^pne.  He  attempted  to  di* 
ininish  this  waste  by  using  wooden  cylinders.  But  though 
thte  produced  a  sensible  diminution  of  the  waste^  other  rea* 
aoos  forced  him  to  give  them  i^  He  then  mrrouaded 
tkiM  metal  cylinders  wiik  a  wooden  case.  By  this,  and 
wng  no  iriore  injection  than  was  absolutely  necessary  for 
the  condensation,  he  reduced  the  waste  comtdtrably  ;  and 
Aere  consequently  remained  in  it  a  steam  of  very  consider- 
able elasticity,  whidi  robbed  the  engine  of  a  proportional 
part  of  the  atmospherical  pressure.  He  saw  that  this  was 
unavoidable  as  long  as  the  condensation  was  performed  in 
the  cylinder. 

d4«  The  thought  struck  him  to  attempt  the  condensation 
in  another  place.  His  first  experiment  was  made  in  the 
amplest  manner.*     A  globular  vessel  communicated  by 


%  "  The  globalar  vestel  onl j  existed  in  Mr  W.'i  mind,  and  was  never  exe- 
cuted. The  till  cylinder  is  a  nustake;  Ibere  never  was  any  used  in  this  mo- 
del, the  cylinder  being  of  brass.  The  crushing  relates  to  another  experiment 
on  the  thickaesd  of  cjUadert  mcessary  to  resist  the  pressnre  of  the  atmos* 
pheie,"    Y(^ 
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means  of  a  kmgpipe  of  <»ie  inch  diameter^  with  the  bottom 
of  his  liitle  cylinder  of  toax  indies  diameter  and  50  inches 
long.    This  pipe  had  a  stop-cock,  and  the  globe  was  im- 
mersed in  a  vessei  of  cold  water.    When  the  piston  was  at 
the  top,  and  the  cylinder  filled  with  strong  steam,  he  turn- 
ed the  cock.    It  was  scarcely  turned,  nay  he  did  not  think 
it  completely  turned,  when  the  sides  of  his  cylinder  (only 
strong  tin-plate)  were  srushed  together  like  an  empty  blad- 
der.   This  surprised  and  delighted  him.     A  new  cylinder 
was  immediately  made  of  brafis,  sufficiently  thick,  and  nicely 
bored.     When  the  experiment  was  repeated  with  this  cy- 
Under,  the  condensation  was  so  rapid,  that  he  could  not 
aay  that  any  time  was  expended  in  it.    But  the  most  va^ 
hiable  discovery  was^  that  the  yacmim  in  the  cylinder  was^ 
as  he  hoped,  almost  perfisct.    Mr  Watt  found,  that  when 
he  used  water  in  the  boiler  purged  of  air  by  long  boiling» 
Bothing  that  was  Tery  sensibly  inferbr  to  the  pressure  of 
the  atmoqphere  on  the  piston  oould  hinder  it  from  coming 
qfoite  down  to  the  bottom  of  the  cylinder,    lliis  alone  waa 
gaining  a  great  deal,  for  in  most  engines  the  remaining 
elasticity  of  the  steam  was  not  less  than  one-eighth  of  the 
atmospherical  pressure,  and  therefore  took  away  one-eighth 
of  the  power  of  the  engine. 

55.  Having  gained  this  capital  point,  Mr  Watt  found  many 
difficulties  to  struggle  with  before  he  could  get  the  machine 
to  continue  its  motion.  The  water  produced  from  the  con- 
densed steam,  and  the  air  which  was  extricated  from  itf 
or  which  penetrated  through  unavoidable  leaks,  behoved 
to  accumulate  in  the  condensing  vessel,  and  could  not 
be  avoided  in  any  way  similar  to  that  adopted  in  Newco- 
men's  engine.  He  took  another  method :  He  applied  pumpa 
to  extract  both,  which  were  worked  by  the  great  beam.  The 
contrivance  is  easy  to  any  good  mechanic;  only  we  must 
observe,  that  the  piston  of  the  water-pump  must  be  under 
the  surface  of  the  water  in  the  condenser,  that  the  water 
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may  enter  the  pump  by  its  own  weight,  becftuae  tbere  is  no 
atroo^eriGal  pressure  there  to  force  it  io«    We  must  ako 
observe,  that  a  considerable  force  is  necessarily  expended 
here,  because,  as  there  is  but  one  stroke  for  rarefying  the 
air,  and  this  rarefiM^tion  must  be  nearly  complete,  the  air- 
pump  must  be  of  kige  dimensions,  and  its  piston  must  act 
against  the  whole  pressure  of  the  atmosphere^    Mr  Wattf 
however,  found  that  this  force  could  be  easily  qiared  finom 
his  machine^  already  so  much  improved  in  respect  of  power. 
56*  Thqs  has  the  steam-engine  received  a  very  consider- 
able improvement    The  cylinder  may  be  allowed  to  re- 
main very  hot ;  nay,  boiling  hot,  and  yet  the  condensation 
be  completely  performed.   The  only  elastic  steam  that  now 
remains  is  the  small  quantity  in  the  pipe  of  coidmunication. 
Even  this  small  quantity  Mr  Watt  at  last  got  rid  of,  by  ad« 
mittiog  a  small  jet  of  cold  water  up  this  pipe. to  meet  the 
steam  in  its  passage  to  the  condenser.    This  both  coded 
this  part  of  the  apparatus  in.  a  situation  where  it  was  not 
necessary  to  warm  it  agaui»  and  it  quickened  the  conden- 
sation.   He  found  at  last  that  the  small  pipe  of  communi- 
cation was  of  itself  sufliciently  large  for  the  oondensatioo, 
and  that  no  separate  vessel,  under  the  name  of  condenser^ 
was  necessary.     This  circumstance  shows  the  prodigiooa 
rapidity  of  the  condensation.    We  may  add,  that  unless  this 
had  been  the  case,  his  improvement  would  have  been  vasCfy 
diminished ;  for  a  large  condenser  would  have  required  a 
much  larger  air-pump,*  which  would  have  expended  much 
of  the  power  of  the  engine.    By  these  means  the  vacuum 
bdow  the  piston  is  greatly  unproved :  For  it  will  appear 


•  ''  This  is  not  correct ;  for  though  the  Mme  tised  pomp  would  be  longer 
in  eihnnsting  a  larger  condenser,  (were  it  employed  for  that  purpose)  jet 
the  same  degree  of  exhaustion  would  be  maintained  were  it  regularly  at  work, 
bowever  large  the  condenser  might  be  ;  and  a  larger  condenser  causes  tha 
eommencepient  of  the  exhaustion  to  be  qiore  speedj  than  a  smaller  one  doea» 
The  sise  of  the  air-pump  has  relation  properly  to  the  quantity  of  air  leakage^ 
and  not  to  the  capacity  of  the  condenser."    W. 
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desr  Co  any  person  who  understands  the  subject,  that  as 
long  as  any  part  of  the  ccmdenser  is  kept  of  a  low  tempera* 
tnre^  it  will  abstract  and  condense  the  vapour  from  the 
,  wanner  parts^  till  the  whole  acquires  the  elasticity  oorre- 
aponding  to  the  coldest  part.  By  the  same  means  much  of 
the  waste  is  preyented,  because  the  cylinder  is  nerer  cooled 
much  befew  the  hriling  temperature.  Many  engines  hare 
bera  erected  by  Mr  Watt  in  this  form^  and  thdr  perform- 
imoe  gare  uniTersal  satisfiu^ion. 

We  have  contented  ourselves  with  giving  a^very  slight 
description  without  a  figure  of  this  improved  engine,  be« 
canse  we  imagine  it  to  be  of  very  easy  comprehension,  and 
because  it  is  only  a  preparation  for  still  greater  improve- 
m«ts,  whi(^  when  understood,  will  at  the  same  time  leave 
DO  part  erf*  this  more  sfmple  form  unexplained. 

SI.  During  the  pro^^  of  these  improvements,  Mr 
Watt  made  maay  esiperiBMnts  cm  the  quantity  and  density 
of  the  steam  of  bolfing  water.  Hiese  fiilly  convinced  him, 
that  aMiongh  he  had  greatly  diminished  the  waste  of  steam, 
agreat  deal  yet  rtmsdlied,  and  that  thesteam  expended  du* 
ring  the  rise  of  the  piston  was  at  least  three  times  more  than 
what  would  fill  the  cylinder.  The  cause  of  this  was  very 
iV)parent  In  the  subsequent  descent  of  the  piston,  cover- 
ed with  water  much  bdow  the  boiling  temperature,  the 
whole  cylinder  was  necessarily  cooled  and  exposed  to  the 
air.*  Mr  Watt's  fertile  genius  immediately  suggested  to 
him  the  expedient  of  emj^ying  the  elasticity  of  the  steam 
firom  the  boiler  to  impel  the  piston  down  the  cylinder^  in 
place  of  the  pressure  of  the  atmosphere ;  and  thus  he  re- 
stored the  engine  to  its  first  principles^  making  it  an  en- 


*  "  This  is  a  ousuke.    Vmm  Che  first,  I  proposed  to  act  opoo  the  piston 
.  with  steaas  inilMd  of  tfie  seiBosphiBre^  aQd  my  model  was  so  pojistructedt** 
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gine  rtaify  mooed  fty  sieam.*    As  this  is  a  new  epodi  in 
its  history,  we  shall  be  more  particular  in  the  description  ; 


•  «r  The  account  of  this  Invention  in  the  text  not  being  perfectly  correct^ 
i  subjoin  the  following  iboit  histofj  of  it : — W. 

««  My  attention  was  Srst  directed  in  the  year  1759  to  tlie  inbject  of  iteui* 
engines,  by  the  late  Dr  Robison  himself,  then  a  student  In  the  UniTerrity  of 
Glasgow,  and  nearly  of  my  own  age.  He  at  that  time  threw  oat  an  Idea  of 
applying  the  power  of  the  steam-^ngnw  to  the  momg  of  wheel-carriages, 
and  to  other  porposesi,  but  the  seheiBe  was  not  matwed,  and  was  soon  abaii(» 
doned  on  hie  going  abroad. 

**  About  the  year  1761,  or  W69, 1  tried  some  eiperiments  on  iht  futcm  of 
steam,  in  a  Papln*s  digester,  and  formed  a  species  of  steam-engine  by  iiing 
upon  it  a  syringe  one-third  of  an  inch  diameter,  with  a  solid  piston,  and  f«t» 
stished  also  with  a  cock  to  admit  the  steam  from  the  digester,  or  shat  H  eilTaft 
pleasure,  as  irell  as  to  open  a  communkatioii  f^om  the  inside  of  the  syiinge 
to  the  open  air,  by  which  the  steam  Oontained  in  the  syringe  might  escafMb 
When  the  commanication  between  the  digester  and  syringe  was  opened,  th« 
steam  entered  the  syringe,  and  by  its  action  vpon  the  piston  raisetf  a  consi- 
derable weight  (15  lb.)  wHh  which  it  was  loaded.  When  this  was  raised  as 
hig|h  as  was  tbought  proper,  the  commonicaCion  with  the  digester  was  sbnt^ 
and  that  with  the  atmosphere  opened ;  the  steam  then  made  its  escape,  and 
the  weight  descended^  The  eperatioBS  were  repeated,  and  though  in  this 
experiment  the  code  was  turned  ^y  hand,  it  was  easy  to  see  how  it  could  ba 
done  by  the  mnchine  itself,  and  to  make  it  work  with  pcifrct  regularity.  But 
X  soon  relinqnisfaed  the  idea  of  constructing  an  engine  upon  this  principle, 
from  being  sensible  it  woald  be  liable  to  some  of  the  objections  against  Sa- 
lary's engine,  tIz.  the  danger  of  bursting  the  boiler,  and  Che  difficulty  of  ma- 
king the  jomts  tight,  and  also  that  a  grest  part  of  the  power  nf  the  steam 
would  be  lost,  because  no  vacuum  was  fornrad  to  essist  the  descent  of  the 
pistonrt 

**  The  attention  necessary  to  the  avocations  of  basiness  prevented  me  Dfom 
then  prosecuting  the  subject  farther ;  but  in  the  winter  of  1763-4,  having  o^ 
casion  to 'repair  a  model  of  Newcomeo's  engine  belonging  to  the  natoral  phi- 
losophy dass  of  the  University  of  Glasgow,  my  mhid  was  again  directed  to 
It.  At  that  period,  my  knowledge  was  derived  principally  from  DesagaUers, 
and  partly  from  Belidor.    I  si»t  about  repairing  it  as  a  mere  mechanicaaq, 


t  *'  I,  however,  described  this  engine  in  the  fourth  article  of  the  specifi- 
cation of  my  patent  of  1769 ;  and  again  in  the  specification  of  another  patent 
IB  the  year  1784,  together  with  4  mode  of  applying  U  to  the  movlDg  of  wheel- 
carriages."   \y\ 

VOL.  H.  H 
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at  the  same  time  »till  restricting  omrselyes  to  the  essential 
drcnmstances,  and  avoiding  every  peculiarity  which  is  to 


sod  wheo  Uiat  wbs  done  ind  it  wai  wt  to  work,  I  wbs  snrpriied  to  find  that 
its  boiler  coald  not  Mpplj  it  with  steam,  thoagh  apparently  qaite  large 
enough  -,  (the  cylinder  of  the  modet  being  two  inches  in  diameter,  and  nx 
inches  stroke,  and  the  boiler  about  nine  bches  diameter.}    By  blowing  the 
fire  it  was  made  to  take  a  few  strokes,  but  required  an  enormous  quantity  of 
injection  water,  though  it  was  reiy  lightly  loaded  by  the  column  of  water  in 
the  pump.    It  soon  occurred  that  this  was  caused  by  the  little  cylinder  ex- 
posing a  greater  surface' to  condense  the  steam  than  the  cylinders  of  larger  en- 
gines did  in  proportion  to  their  respective  contents.    It  was  found  that  by 
'  ahortening  the  column  of  water  in  the  pomp,  the  boiler  could  supply  the  cy- 
linder with  steam,  and  that  the  engine  would  work  regularly  with  a  moderate 
quantity  of  injection.    It  now  appeared  that  the  cylinder  of  the  model  being 
of  brass,  would  conduct  heat  moch  better  than  the  cast-iron  cylinders  of 
larger  engines,  (generally  coTcred  on  the  inside  with  a  stony  crust)  and  that 
considerable  advantage  could  be  gained  by  making  the  cylinders  of  some  sub- 
stance that  would  receive  and  give  out  heat  slowly  :  Of  these,  wood  seemed 
to  be  the  most  likely,  provided  it  should  prove  sufficiently  durable.   A  small 
engine  was  therefore  constructed  with  a  cylinder  six  inches  diameter,  and 
twelve  inches  stroke,  made  of  wood,  soaked  in  linseed  oil,  and  baked  to  dry- 
ness.   With  this  engine  many  experiments  were  made ;  but  it  was  soon  found 
that  the  wooden  cylinder  was  not  likely  to  prove  durable,  and  that  the  steam 
condensed  in  filling  it  still  exceeded  the  proportion  of  that  required  for  large 
engines  according  to  the  statements  of  Desaguliers.     It  was  also  found,  that 
all  attempts  to  produce  a  better  exhaustion  by  throwing  in  more  injection* 
caused  a  disproportionate  waste  of  steam.    On  reflection,  the  cause  of  this 
seemed  to  be  the  boiling  of  water  in  vacuo  at  low  heats,  a  discovery  lately 
made  by  Dr  Cullen,  and  some  other  philosophers,  (below  100^  as  I  was  then 
informed)  and,  consequently,  at  greater  heats,  the  water  in  the  cylinder 
would  produce  a  steam  which  would,  in  part,  resist  the  pressure  of  the  atmos- 
phere. 

"  By  experiments  which  I  then  tried  upon  the  heats  at  which  water  boils 
under  several  pressures  greater  than  that  of  the  atmosphere,  it  appeared,  that 
when  the  beats  proceeded  in  an  arithmetical,  the  elasticities  proceeded  in 
■ome  geometrical  ratio ;  and  by  laying  down  a  curve  ftom  my  data,  I  ascer- 
tained th«  particular  one  near  enoogh  for  my  purpose.  It  also  appeared,  that 
any  approach  to  a  vacuum  coold  only  be  obtained  by  throwing  in  large 
quantities  of  injection,  which  would  cool  the  cylinder  so  much  as  to  re- 
quire quantities  of  steam  to  heat  it  again,  out  of  proportion  to  the  power 
gafaied  by  the  more  perfect  vacuum ;  and  that  the  old  engineers  had  acted 
wisely  in  contenting  themselves  with  loading  the  engine  with  only  six  or 
■eren  pounds  on  each  square  inch  of  the  area  of  the  piston.  It  being  evident 
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be  finind  in  the  prodigious  varieties  wbich  Mr  Watt  has 
introduced  into  the  machines  which  he  has  erected,  erery 


that  there  was  a  great  error  in  Dr  Desaguliers*  calculations  of  Mr  Beightmi't 
experiments  on  the  balk  of  steam*  a  Florence  flask,  capable  of  containing 
about  a  poond  of  water,  had  aboot  one  ounce  of  distilled  water  put  into  it  | 
a  glass  tube  was  fitted  into  its  mouth,  and  the  joining  made  tight  bj  lapping 
that  part  of  the  tube  with  packthread  corered  with  glaciers'  putty.     When 
the  flask  was  set  upright,  the  tube  reached  down  near  to  the  surface  of  the 
water,  and  in  that  position  the  whole  was  placed  in  a  tin  reflecting  oven  be- 
fore a  fire,  until  the  water  was  wholly  evaporated,  which  happened  in  about 
an  hour,  and  might  have  been  done  sooner  had  I  not  wished  the  heat  nol 
much  to  exceed  th4t  of  boiling  water.    As  the  air  in  the  flask  was  heavier 
than  the  steam,  the  latter  ascended  to  the  top,  and  expelled  the  air  throa|^ 
the  tube.  When  the  water  wa^  all  evaporated,  the  oven  and  ilaak  were  remo* 
Ted  from  the  fire,  and  a  blast  of  cold  air  was  directed  against  one  side  of 
the  flask,  to  collect  the  condensed  steam  in  one  place.    When  all  was  cold, 
the  tube  was  removed,  the  flask  and  its  contents  were  weighed  with  care ;  and 
the  flask  being  made  hot,  it  was  dried  by  blowing  into  it  by  bellow^  and 
when  weighed  again,  was  found  to  have  lost  rather  more  than  four  gRrtSib  sa» 
timated  at  4|  grains.    ¥rhen  the  flask  was  filled  with  water,  it  was  rasnd  to 
contain  about  17f  ounces  avoirdupois  of  that  fluid,  which  gave  about  180O 
for  the  expansion  of  water  converted  into  steam  of  the  heat  of  boiling  water* 

*'  This  experiment  was  repeated  with  nearly  the  same  result ;  and  in  order 
to  ascertain  whether  the  flask  had  been  wholly  filled  with  steam,  a  similar 
quantity  of  water  was  for  the  third  time  evaporated  ;  and,  while  the  flask  was 
still  cold,  it  was  placed  inverted,  with  its  mouth  (contracted  by  the  tube) 
immersed  in  a  vesiel  of  water,  which  it  sucked  in  as  it  cooled,  until  in  tlie 
temperature  of  the  atmosphere  It  was  filled  to  within  half  an  ounce  measure 
of  water. t 

"  In  repetitions  of  this  experiment  at  a  later  date# 
I  simplified  the  apparatus  by  omitting  the  tube,  and 
laying  the  flask  upon  its  side  in  the  oven,  thus,  partly 
closing  its  mouth  by  a  cork,  having  a  notch  on  one  side,  thus,  and" 
otherwise  proceeding  as  has  been  mentioned. 

"  I  do  not  consider  these  experiments  as  extremely  accurate,  the  only  scale* 


t  "^In  the  contrivance  of  this  experiment  I  was  assisted  by  Dr  Black. 

"  In  Dr  Robison's  edition  of  Dr  Black's  Lectures,  vol.  L  page  147,  the 
latter  hints  at  some  esperiments  upon  this  subject  as  made  by  him ;  but  I  bava 
no  knowledge  of  any  except  those  which  I  made  myself." 
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individual  ofivhich  has  been  adapted  to  local  circumitai>i 
ccBf  or  diversified  by  the  progress  of  Mr  Watt's  improve- 
ments. 


beam  of  a  proper  sue  which  I  had  then  at  n  j  coiniBand>  not  being  very  tcit- 
iiMe»  and  the  bulk  of  the  fteam  being  liable  to  be  iafloeDced  by  the  heat  to 
which  it  is  exposed^  which,  in  the  way  deicribed»  is  not  easily  regulated  or 
ascertained ;  hot,  from  my  experience  in  actual  practice,  I  esteem  the  expan* 
•ion  to  be  rather  more  than  I  have  computed* 

"  A  boiler  was  constructed  which  showed,  by  inspection,  the  quantity  of 
water  evaporated  in  any  gived  time,  and  thereby  ascertained  the  quantity  of 
9taam  used  in  every  stroke  by  the  engine,  which  I  foand  to  be  several  times 
the  full  of  the  cylinder.  Ajtonished  at  the  quantity  of  water  reqmred  for 
tke  iigectioo,  and  the  great  heat  it  had  acquired  from  the  small  quantity  of 
water  in  the  form  of  steam  which  had  been  used  in  filling  the  cylinder,  and 
thinking  I  had  made  some  mistake,  the  following  experiment  was  tried :— A 
glass  tube  was  bent  at  right  angles,  one  end  was  inserted  horizontally  into 
the  spent  of  a  tea>kettle,  and  the  other  part  was  immersed  perpendicularly  in 
wdl-water  contained  in  a  cylindiic  g1a»  vessely  and  steam  was  made  to  pass 
thro«M|iiiitil  It  ceased  to  be  condensed,  and  the  water  in  the  glass  vessel 


nearly  boiling  hot.  The  water  hi  tiie  glass  vessel  was  then  found 
to  have  gained  an  addition  of  about  one-sixth  part  from  the  condensed  steam. 
CeMeqncntly,  water  converted  into  steam  can  heat  about  six  times  its  own 

'  weight  of  well-water  to  SIS^,  or  till  it  can  condense  no  more  iteani.  Being 
strack  with  this  remarkable  fact,  and  not  undersnmding  the  reason  of  it,  I 
atntioned  it  to  my  friend  Dr  Black,  who  then  explained  to  me  his  doctrine 
of  latent  heat,  which  he  had  taoght  for  some  time  before  this  period,  (sum- 
mer 1764,)  but  having  myself  been  occupied  with  the  pursuits  of  business,  if 
I  had  heard  of  it,  I  had  not  attended  to  at,  when  I  thus  stumbled  upon  one 
of  the  material  facts  by  which  that  beautiful  theory  is  supported. 

"  Oojreflectiug  fortlier,  I  perceived,  that  in  order  to  make  the  best  use  of 
steam,  it  was  necessary.  First,  that  the  cylinder  should  be  maintained  always 

•  as  hot  as  the  steam  which  entered  it ;  and.  Secondly,  that  when  the  steam  was 
condensed,  the  water  of  which  it  was  composed*  and  the  injection  itself, 
ahould  be  cooled  down  to  100?,  or  lower,  where  that  was  possible.  The 
means  of  accoinplisbing  these  points  did  not  immediately  present  themselves ; 
but  early  in  1765  it  occurred  to  roe,  that  if  a  communicatidu  were  opened  be- 
tween a  cylinder  containing  steam,  and  another  vessel  which  was  exhausted 
of  air  and  other  fluids,  the  steam,  as  an  elastic  fluid,  would  immediately 
rush  into  the  empty  vessel,  and  continue  so  to  do  until  it  had  established  an 
equilibrium ;  and  if  that  vessel  were  kept  very  cool  by  an  injection,  or  other* 
\rise,  more  steam  would  continue  to  enter  until  the  whole  was  condensed. 
Bat  both  the  vessels  being  exhausted,  or  nearly  so,  how  was  the  injection- 
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•  68.  Let  A  (Plate  I.  &g.  9.)  represent  the  boiler.  This  has 
received  great  improYements  from  his  complete  acquaintance 


water,  the  air  which  woald  inter  with  it,  and  the  ceodensed  ilcaiD,  to  be  get 
oat  ?  This  I  proposed,  ia  my  own  mind,  to  perform  in  two  wa^t.  One  wai 
by  adapting  to  the  leeond  vetsel  a  pipe  reaching  downwards  more  than  M 
lbet»  by  which  the  water  would  descend,  (a  column  of  that  length  OYerbalas- 
ctng  the  atmosphere)  and  by  eitracting  the  air  by  means  of  a  pomp. 

*'  The  second  method  was  by  employing  a  pump,  or  pumps»  to  eatract 
both  the  air  and  the  water,  which  would  be  applicable  in  all  place*,  and  H* 
eeatial  ia  those  cases  where  there  was  no  well  or  pit. 

*'  Thb  latter  method  was  the  one  1  then  preferred,  and  is  the  only  one  I 
afterwards  continued  to  ose. 

**  In  Newcomen*s  engine,  the  piston  is  kept  tight  by  water,  which  cQ«bi 
not  be  applicable  in  this  new  method  ;  as,  if  any  of  it  entered  into  a  partial^- 
•exhausted  and  hot  qflinder,  it  would  boil  and  prevent  the  production  of  at^* 
euom,  and  weoid  also  cool  the  cylinder  by  its  cTaporation  during  the  desctRt 
of  the  piitoe.  I  propgted  to  remedy  this  defect  by  employing  wa^  tallow, 
>er  other  grease,  to  lubricate  and  keep  the  piston  tight*  It  next  occurred  to 
mt,  that  the  mouth  of  the  cylindfr  being  open,  the  air  which  entered  to  act 
.4m  the  piston  would  eool  the  cylinder,  and  condense  some  steam  on  again 
(filling  it,  I  thereibre  proposed  to  put  ap  air-tight  cover  upon  the  cylinder, 
.with  a  hole  and  stuiBng-box  for  the  pistoa-rod  to  slide  thTough,t  and  to  ad- 
ait  fteam  above  the  piston  to  act  upon  it  instead  of  the  atmosphere.  There 
•till  remained  another  source  of  the  destruction  of  steam,  the  cooling  of  the 
cylinder  by  the  external  air,  which  would  produce  an  internal  condenatioii 
whenever  steam  entered  it,  and  which  would  be  repeated  every  stroke  ;  this 
I  pfoposed  to  remedy  by  an  external  cylinder  containing  steam,  surrounded 
hy  another  of  wood^  or  of  some  other  substance  which  would  conduct  heat 
slowly. 

"  When  OAoe  the  idea  of  the  separate  condensation  was  started,  all  these 
improvements  followed  asxoroJUries  in  quick  succession,  so  that  In  the  course 
of  one  or  two  dayi^  the  invention  was  thus  far  complete  in  my  mind,  and  I 
immediately  set  about  an  experiment  to  verify  it  practically.  I  took  a  large 
brass  syringe,  1)  inches  diameter,  and  10  inches  long,  made  a  cover  and  bot- 


+  N.  B.  "  The  piston-rod  sliding  through  a  stuffing-box  was  new  in  steam- 
engines;  it  was  not  necessary  in  Newcomen's  engine,  as  the  mouth  of  the 
cylinder  was  open,  and  the  piston  stem  was  square  and  very  clamsy.  The 
^fitting  the  piston-rod  to  the  piston  by  a  coae  was  an  alter  improvement  pf 
aine  (about  1774.**) 


,.* 
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with  the  procedure  of  nature  in  the  production  of  Bteaia. 


torn  to  it  of  tin-plate,  with  a  pipe  to  convey  steam  to  both  ends  of  the  cy- 
linder from  the  boiler ;  another  pipe  to  convey  steam  from  the  upper  end 
to  the  condenser  (for,  to  save  apparatus,  I  inverted  the  cylinder.)  I  drilled 
a  hole  longitudinally  through  the  axis  of  the  stem  of  the  piston,  and 
fixed  a  valve  at  its  lower  end,  to  permit  the  water  which  was  produced  by 
the  condensed  steam  on  first  filling  the  cylinder,  to  issue.  The  conden* 
Mr  used  upon  this  occasion  consisted  of  two  pipes  of  thin  tin-plate,  ten  or 

f 

twelve  inches  long,  and  about  one-sixth  inch  diameter,  standing  perpendi- 
cular, and  communicating  at  top  with  a  short  horizontal  pipe  of  large  di- 
ameter, having  an  aperture  on  its  upper  side  which  was  shut  by  a  valve 
o^Mning  upwards.  These  pipes  were  joined  at  bottom  to  another  perpen- 
dicular pipe  of  about  an  inch  diameter,  which  served  for  the  air  and  water- 
pump  ;  and  both  the  condensing  pipes  and  the  air«pump  were  placed  in  a 
•mall  dstem  filled  with  cold  water4 

**  The  steam-pipe  was  adjusted  to  a  small  boiler.  When  steam  was  pro- 
duced, it  was  admitted  into  the  cylinder,  and  soon  issued  through  the  per- 
foration of  the  rod,  and  at  the  valve  of  the  oondeaser.  When  it  was  judged 
that  the  air  was  expelled,  the  steam-cock  was  shut,  and  the  air.pump  pis- 
ton-rod was  drawn  up,  which  leaving  the  small  pipet  of  the  condenser  in  a 
■tate  of  vacuum,  the  steam  entered  them  and  was  condensed.  The  piston 
of  the  c]iinder  immediately  rose  and  Efted  a  weight  of  about  18  lbs.,  which 
was  hung  to  the  lower  end  of  the  piston-rod.  The  exhaustion-cock  was 
•hut,  the  steam  was  readmitted  into  the  cylinder,  and  the  operation  was  re- 
peated, the  quantity  of  steam ^nsumed,  and  the  weights  it  could  raise  were 
obstrv^,  and,  excepting  the  non-application  of  the  steam^case  and  exter- 
nal covering,  the  invention  was  complete,  in  so  far  as  regarded  the  savings 
of  steam  and  fuel.  A  large  modeU  with  an  outer  cylinder  and  wooden  case, 
was  immediately  constructed,  and  the  experiments  made  with  it  served  to 
verify  the  expectations  I  had  formed,  and  to  place  the  advantage  of  the  in- 
vention beyond  the  reach  of  doubt.  It  was  found  convenient  afterwards 
to  change  the  pipe-condenser  for  an  empty  vessel,  generally  of  a  cylindri- 
cal form,  into  which  an  injection  played,  and  in  consequence  of  there  being 
more  water  and  air  to  extract,  to  enlarge  the  air-pump. 

**  The  change  was  made,  because,  in  order  to  procure  a  surface  sufficiently 
cztenaive  to  condense  the  steam  of  a  large  engine,  the  pipe-condenser  would 


t  ••  N.  B.  This  construction  of  the  condenser  was  employed  from  knowing 

««t  heat  penetrated  thin  plates  of  metal  very  quickly,  and  considering  that 

M  no  injection  was  thrown  into  an  exhausted  vessel,  there  would  be  only  the 

"^^^^  of  which  the  steam  had  been  composed,  and  the  air  which  entered 

."•^  the  •team,  or  throtogh  the  leaks,  to  extract.*'    W. 
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la  Mioe  of  histogines  the  fuel  has  been  placed  in  the  midst 


require  to  be  very  voluminous,  and  because  the  bid  water  with  which  en* 
gines  are  frequently  supplied,  would  crust  over  the  thin  plates,  and  prevent 
theiT  conveying  the  heat  sufficiently  quick.  The  cylinders  were  also  fd*- 
ced  with  their  months  upwards,  and  furnished  with  a  working-beam,  and 
other  apparatus,  as  was  usual  in  the  ancient  engines ;  the  inversion  of  the 
cylinder,  or  ratitier  of  the  piston-rod,  in  the  model,  being  only  an  expedient 
to  try  more  easily  the  new  invention,  and  being  subject  to  many  objectioDa 
in  large  engines. 

**  In  1768  I  applied  for  letters  patent  for  my  '  Methods  of  Liessening  tht 
Consumption  of  Steam,  and  consequently  of  Fuel,  in  Fire-Engines,'  which 
passed  the  seals  in  January  1769,  and  my  Specification  was  enrolled  in  Chan- 
cery in  April  following,  and  was  as  follows : — 

**  My  method  of  lessening  the  consumption  of  steam,  and  consequently 
fuel,  in  fire-engines,  consists  of  the  following  principles : 

**  First,  That  vessel  in  which  the  powers  of  steam  are  to  be  employed  to 
work  the  engine,  which  is  called  the  c^inder  in  ccnnmon  fire-engines,  and 
whic]t^  I  call  the  steam-vetsel,  must,  during  the  whole  time  the  engine  is  at 
work,  be  kept  as  hot  as  the  steam  that  enters  it ;  first,  by  enclosing  it  in  a 
case  of  wood,  or  any  other  materiab  that  transmit  heat  slowly;  secondly^ 
by  surrounding  it  with  steam,  or  other  heated  bodies;  and,  thirdly,  by  suf- 
fering neither  water,  or  any  oth^  sabstaace  cojder  than  the  steam,  to  enter 
pr  toych  it  during  that  time. 

'*  Secondly,  In  engines  that  are  to  be  worked  wholly  or  partially  by  coo* 
densation  of  steam,  the  steam  is  to  be  condensed  in  vessds  distinct  from  the 
•team  vessels  or  cylinders,  although  occasionally  communicating  with  them; 
these  vesseb  I  call  condensers;  and,  whilst  the  engines  are  working,  these 
condensers  ought  at  least  to  be  kept  aa^cold  as  the  air  in  the  nrighbonrfaood 
of  the  engines,  by  application  of  water,  or  other  cold  bodies. 

«  Thirdly,  Whatever  air  or  other  elastic  vapour  is  not  condensed  by  the 
cdd  of  the  condenser,  and  may  impede  the  working  of  the  engine,  is  to  be 
drawn  out  of  the  steam-vessels  or  condensers  by  means  of  pumps,  wrooj^ 
by  the  engines  themselves,  or  otherwise. 

"  Fourthly,  I  intend  in  many  cases  to  employ  the  expansive  force  of  steam 
to  press  on  the  pistons,  or  whatever  may  be  used  instead  of  them,  in  the 
same  manner  as  the  pressure  of  the  atmosphere  is  now  employed  in  common 
fire-engines :  In  cases  where  cold  water  cannot  be  had  in  plenty,  the  en- 
gines may  be  wrought  by  this  force  of  steam  only,  by  discharging  the  steam 
into  the  open  air  after  it  has  done  its  office. 

**  Fifthly,  where  motions  round  an  axis  are  required,  I  make  the  tteani- 
vessels  in  form  of  hollow  rings,  or  circular  channels,  with  proper  inlets  and 
outleu  for  the  steam,  mounted  on  horizontal  axles,  like  the  wheels  of  a 
water-mill;  within  them  arc  placeda  number  of  valves,  that  suffer  any  body 
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of  the  water,  surroiuided  by  an  iron  or  copper  vessel  while 
the  exterior  boiler  was  made  of  wood,  which  transmits,  and 
therefore  wastes  tbc  heat  very  slowly.*  la  others,  the  flame 


(o  go  round  the  channel  in  one  direction  only ;  in  these  fteam-vetscis  are 
plmeed  weights,  lo  fitted  to  them  as  entirely  to  fill  op  a  part  or  portion  of  their 
chmneiSf  yet  rendered  capable  of  moriog  fVeely  in  them,  by  the  oceans  herein- 
aftermentiuned  or  specified :  When  the  steam  is  admitted  in  these  enginei» 
.between  these  weights  and  the  TalTes,  it, acts  equally  on  both,  so  as  to  raise 
^he  weight  to  one  side  of  the  wheel,  and  by  the  reaction  on  the  Talves,  sue. 
eesiively  to  give  a  eifcolar  motion  to  the  wheel,  the  ralvet  opening  in  the  di- 
rection in  which  the  weights  are  pressed,  but  not  in  the  contrary ;  as  the 
■team- vessel  moves  round,  it  is  supplied  with  steam  from  the  boiler,  and  that 
which  has  performed  its  office  may  either  be  discharged  by  means  of  conden- 
sers, or  into  the  open  air. 

**  Sixthly,  I  intends  in  some  case^,  to  apply  a  degree  of  cold,  not  capable  of 
reducing  the  steam  to  water,  but  of  contracting  it  considerably,  so  that  the  en- 
gines shall  be  worked  by  the  alternate  eipaiition  and  contraction  of  the  steam. 

"  Lastly,  Instead  of  using  water  to  render  the  piston  or  other  parts  of  the 
•ngiocs  air  and  steam-tight,  I  employ  oils,  wax,  resinous  bodies,  fat  of  ani- 
mals, qaieknlrer,  and  other  metals,  in  their  fluid  state. 

**  And  the  said  James  Watt,  by  a  memorandum  added  to  the  said  specifi- 

^  eation,  declared,  that  he  did  not  intend  that  any  thing  in  the  fourth  article 

should  be  understood  to  extend  to  any  engine  where  the  water  to  be  raised 

enters  the  steanhvessel  itself,  or  any  vessel  having  an  open  oorarounicatioo 

jritblt"  W. 


*  *'  The  exterior  part  of  Urge  boilers  was  never  executed  in  wood  by  me ; 
Ibis  relates  only  to  some  of  my  models,  and  one  or  two  very  small  engines 
which  1  made  of  Newcomen's  kind.  Wood  is  improper,  because  it  soflens 
by  the  fleam,  and  finally  gives  way.  The  conveying  the  flame  through  flues 
in  the  inside  of  the  water  had  been  practised  by  otliers  before  my  dme,  and 
was  oonmon  in  the  Cornish  engines*  The  inventor  is  unknown,  but  a  person 
of  the  name  of  Swaine  was  a  great  propagator  of  the  practice ;  however,  I 
ionewhat  improved  the  form  and  adjusted  the  proportions.  The  property  of 
coosiimiag  the  smoke  was  not  derived  from  the  conduction  of  the  flues,  nor 
tea  the  extensive  surface  to  which  the  fiie  was  applied,  but  from  another 
coatrivanee  of  mine«  ^lled  the  smokeJeM  furnace,  which  proceeds  somewhat 
v^oa  /he  principle  of  Argand's  lamps.  The  grate  and  dead-plates  are  laid 
aiopbg  downvrards  from  the  firedoor,  at  an  angle  of  about  %o  to  30°  to  tho 

^  ^oriaoB.  The  fire  is  lighted  as  usual,  and  a  small  quantity  of  air  is  admitted 
thnqgh  one  or  two  openings  in  the  fire  door,  so  as  to  blow  directly  on  the 
W»rinft  part  of  the  fire.    The  fire  is  made  at  first  principally  near  the  dead- 

^Jht^  IBd  Um  (reah  coali  wiill  ubicU  it  is  to  be  fttppUf^«  are  laid  upon  that 
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not  only  plays,  roimd  the  ivhole  outside^  as  in  common 
boilersy  but  also  runs  along  several  flues  ivhich  are  con« 
ducted  through  the  midst  of  the  water.  By  such  contri- 
vances the  fire  is  applied  to  the  water  in  a  most  extensive 
surface,  and  for  a  long  time,  so  as  to  impart  to  it  the 
greatest  part  of  its  heat«  So  skilfully  was  it  applied  in  the 
Albion  Millfl^  that  although  it  was  a  large  engine/  its  nn« 
consumed  smoke  was  inferior  to  that  of  a  very  small  brow« 
house.*  In  this  second  engine  of  Mr  Watt,  the  top  of 
the  cylinder  is  shut  np  by  a  strong  metal  plate  gA^  fig.  9.  in 
the  middle  of  which  is  a  collar  or  box  k  4  containing  a  collar 
of  hemp,  surrounding  the  piston-rod  PD,  which  being  nice- 
ly turned  and  polished,  can  move  up  and  down,  without  id* 
lowing  any  air  to  pass  by  its  sides.  From  the  dome  ef  the 
boiler  proceeds  a  large  pipe  BCIOQ,  whicb^  after  reaching 
the  cylinder  with  its  horizontal  part  BC^  descends  parallel 
to  its  side^  sending  off  two  branches,  viz.  IM  to  the  top  of 
the  cylinder,  and  ON  to  its  bottom.  At  I  is  a  puppet* 
valve  opening  from  bebw  upwards.    At  I^  immediatdjf 


platej  dote  to  the  barning  fael,  b«t  not  upon  it.  .  When  it  needs  mending, 
the  burning  coals  and  those  upon  the  dead-plate  are  pushed  further  dowm 
without  being  miied,  and  more  coals  are  laid  upon  vhe  dead-plate,  but  never 
should  be  thrown  on  the  top  of  those  already  oh  fire,  as  that  would  in- 
•taatlj  send  out  a  vohine  of  smoke.  In  this  situation  thej  are  grediurf^ 
driedi  and  anj  smoke  which  issnes  £rem  them  b  consumed  by  the  current  oC 
air  from  the  fire  door  in  passing  over  the  bright  burning  fuel.  The  openim« 
or  openings,  to  admit  the  air,  are  regulated,  so  as  just  to  admit  the  quanti^ 
whidi  consumes  the  smoke  ;  more  would  be  prejudicial.  I  originally  con* 
ilructed  these  famaces  in  a  somewhat  different  manner ;  hot  the  above  me- 
thod has  been  found  the  most  convenient,  and,  when  properly  attended  le» 
answers  the  purpose  perfectly  with  free- burning  coal,  but  is  more  difficult  to 
manage  with  coal  which  cakes.'*    W. 

*  <'  The  engine  here  described  is  one  applicable  to  the  working  on  the 
eipansive  principk^  in  which  the  piston  ascends  in  an  exhausted  cylinder  | 
a  vacuum  both  above  and  below  the  piston.  To  make  it  ascend  in  steam,  the 
place  of  the  injection  must  be  altered,  so  as  not  to  spout  so  high ;  and  there 
must  be  a  regulating  valve  at  U,  to  prevent  the  steam  going  into  the  cduo- 
tion-p2^  until  the  piston  hu  uceaded  to  the  top  of  the  cylinder.^    W. 
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below  this  branch,  there  is  a  similar  yalv^p  also  opening 
from  bebw  upwards.  The  pipe  descends  to  Q,  near  the 
bottom  of  a  large  cistern  c  d  eff  filled  with  cold  water  con« 
stantly  renewed.  The  pipe  is  then  continued  nearly  ho- 
rizontally along  this  cistern^  and  terminates  at  R  in  a  pump 
T.  The  piston  S  has  dack-valves  opening  upwards,  and 
its  rod  S  if  passing  through  a  collar  of  hemp  at  T,  is  sus- 
pended by  a  chain  to  a  small  arch-head  on  the  outer  arm 
of  the  beam.  Tliere  is  a  valve  R  in  the  bottom  of  this 
pump,  as  usual,  which  opens  when  pressed  in  the  direction 
QR^  and  shuts  against  a  contrary,  pressure.  This  pump  de-' 
livers  its  contents  into  another  pump  XT,  by  means  of  the 
fiat  pipe  t  X,  which  proceeds  from  its  top.  This  second 
pump  has  a  valve  at  X^  and  a  clack  in  its  piston  Z,  as 
usual,  and  the  piston-rod  Z  2;  is  suspended  fix>m  another 
archrhead  on  the  outer  arm  of  the  beam.  The  two  valves  I 
and  L  are  opened  and  shut  by  means  of  spanners  and 
handles,  which  are  put  in  motion  by  a  plug-frame,  in  the 
same  manner  as  in  Newcomen's  engine. 

Lastly,  there  may  be  observed  a  crooked  pipe  a  bo,  which 
enters  the  upright  pipe  laterally  a  little  above  Q.  This  has 
a  small  jet  hole  at  0 ;  and  the  other  end  <i,  which  is  con-^ 
siderably  under  the  surface  of  the  water  of  the  condensing 
cistern^  is  covered  with  a  puppet-valve  Vf  whose  long  stalk 
V  u  rises  above  the  water,  and  may  be  raised  or  lowered  by 
hand  or  by  the  plug-beam.  The  valves  R  and  X,  and  the 
clacks  in  the  pistons  S  and  Z,  are  opened  or  shut  by  the 
pressures  to  which  they  are  immediately  exposed. 

This  figure  is  not  an  exact  copy  of  any  of  Mr  Watt's 
engines,  but  has  its  parts  so  disposed  that  all  may  come 
distinctly  into  view,  and  exactly  perform  their  various  func- 
tions. It  is  drawn  in  its  quiescent  position^  the  outer  end 
of  the  beam  preponderating  by  the  counter-weight,  and  the 
piston  P  at  the  top  of  the  cylinder,  and  the  pistons  S  and  Z 
in  their  lowest  situations. 
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In  tbb  situation  let  ns  suppose  that  a  Tacuum  is  (by  any 
means)  produced  in  all  the  space  below  the  piston,  the 
Tal?e  I  being  shut.  It  is  evident  that  the  valve  R  will  also 
be  shut,  as  also  the  valve  v.  Now  let  the  valve  I  be  open- 
ed. The  steam  from  the  boiler,  as  elastic  as  common  air, 
will  rush  into  the  space  above  the  piston,  and  will  exert  (Hi 
it  a  pressure  as  great  as  that  of  the  atmosphere.  It  will 
therefore  press  it  down,  raise  the  outer  end  of  the  beam^ 
and  cause  it  to  perform  the  same  work  as  an  ordinary 
engine. 

Whtti  the  piston  P  has  reached  the  bottom  of  the  cylin- 
der, the  plog-frame  shnts  the  valve  I,  and  opens  L.  By  so 
doing,  the  communication  is  open  between  the  top  and 
bottom  of  the  cylinder,  and  nothing  hinders  the  steam 
which  is  above  the  piston  from  going  along  the  passage 
MLON.  The  piston  is  now  equally  affected  on  both  sides 
by  the  steam,  even  though  a  part  of  it  is  condensed  in  the 
pipe  lOQR.  Nothing  therefore  hinders  the  piston  from 
being  Mragged  up  by  the  counter-weight,  which  acts  with 
its  whole  force,  undiminished  by  any  remaining  unbalanced 
elasticity  of  steam.  Here  therefore  this  form  of  the  engine 
has  an  advantage  (and  by  no  means  a  small  one)  over  the 
common  engines,  in  which  a  great  part  of  the  counter- 
weight is  expended  in  overcoming  unbalanced  atmospheric 
pressure. 

Whenever  the  piston  P  arrives  at  the  top  of  the  cylinder, 
the  valve  L  is  shut  by  the  plug*frame^  and  the  valves  I  and 
t?  are  opened.  All  the  space  below  the  piston  is  at  this  time 
occupied  by  the  steam  which  came  from  the  upper  part  of 
the  cylinder,  by  this  time  of  greatly  diminished  da$ticUyy  and 
not  near  a  balance  for  the  pressure  of  the  atmosphere. 
Therefore^  daring  the  ascent  of  the  piston,  the  valve  R  was 
shut,  and  it  remains  so.  When,  therefore,  the  valve  v  is 
opened,  the  cold  water  of  the  cistern  must  spout  up  through 
the  hole  o,  and  condense  the  remaining  steam.  To  this 
must  be  added  the  coldness  of  the  whole  pipe  OQS.    As 
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hst  as  it  is  condensed,  its  place  is  luf^Ued  by  steam  from 
the  lower  part  of  the  cylinder.  We  have  already  remarked^ 
that  this  successive  condensation  is  accomplished  with  asto- 
nishing rapidity.  In  the  mean  time,  steam  from  the  boiler 
presses  on  the  upper  surface  of  the  piston.  It  must  there- 
fore, descend  as  before^  and  the  engine  must  perform  a 
second  working-stroke. 

But^  in  the  mean  time,  the  injection-water  lies  in  the 
bottom  of  the  pipe  OQR,  heated  to  a  considerable  degree 
by  thje  condensation  of  the  steam ;  also  a  quantity  of  air  has 
been  disengaged  from  it^  and  from  the  water  in  the  boiler. 
HoiNT  is  this  to  be  discharged  ?  This  is  the  c&ee  of  the 
pnmps  ST  and  XY«  Tb^  capacity  of  ST  is  great  in  pro- 
portion to  the  space  in  which^the  air  and  water  are  lodged* 
When,  therefore^  the  piston  S  has  got  to  the  top  of  its 
course,  there  must  be  a  vacuum  in  the  barrel  of  this  pump, 
and  the  water  and  air  must  open  the  valve  R  and  come  in- 
to it.  When  the  piston  S  comes  down  again  in  the  nex( 
retuming-stroke,  this  water  and  air  get  through  th(  valve 
of  the  piston }  and  next,  in  the  working-stroke,  they  are 
discharged  by  the  piston  into  the  pump  XY,.and  raised  by 
its  piston  in  the  following  stroke.  The  air  escapes  at  Y, 
and  as  much  of  the  water  as  is  necessary  is  delivered  into 
the  boiler  by  a  small  pipe  Y  g  to  supply  its  waste.  It  is  a 
matter  of  indifference  whether  the  pistons  S  and  Z  rise  with 
the  outer  or  inner  end  of  tibe  beam,  but  it  is  rather  better  that 
they  rise  with  the  inner  end.  They  are  otherwise  drawn 
l»ere  in  order  to  detach  them  from  the  rest,  and  show  theni 
more  distinctly.  I'he  sieam^cate  u  omkied  in  this  drawing, 
hit  one  method  of  applying  it  is  represented  in  plate  IIL 

Such  is  Mr  Watt's  second  engine.  Let  us  examine  its 
principles,  that  wo  may  see  the  causes  of  its  avowed  and 
great  superiority  over  the  common  engines. 

59.  We  have  already  seen  one  ground  of  superiority, 
the  full  operation  of  tlie  counter*weigbt.  We  are  author 
lisedi  by  careiiil  examination^  to  say^  that  in  the  commoa 
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€DgiDe%  at  least  one-half  of  the  counter-weight  is  expend- 
ed in  counteracting  an  unbalanced  pressure  of  the  air  ob 
the  piston  during  its  ascent.  In  many  engines^  whidi  are 
not  the  worst,  this  extends  to  one-fifth  of  the  whole  press* 
we.  This  is  evident  from  the  examination  of  the  engine  at 
Montrdaix,  by  Bossut.  This  makes  a  very  great  counter- 
weight  necessary,  which  exhausts  a  proportional  part  (rf*  the 
moTing  force. 

60*  But  the  great  advantage  of  Mr  Watt's  form  is  the 
almost  total  annihilation  of  the  waste  of  steam  by  condensa- 
tion in  the  cylinder.    The  cylinder  is  always  boiling  holf 
and  therefore  perfectly  dry.    This  must  be  evident  to  any 
perscMi  who  understands  Uie  subject    By  the  time  that  Mr 
Watt  had  completed  these  improvements,  his  experiments 
on  the  plroduction  of  steam  had  given  him  a  pretQr  accurate 
knowledge  of  its  density ;  and  he  found  himself  authorised 
to  say,  that  the  quantity  of  steam  employed  did  not  much 
exceed  what  would JiU  the  cytinder,  9o  that  very  Uttle  was  un- 
avoidably wasted.  But  before  he  could  briug  the  engine  to 
this  degree  of  perfection,  he  had  many  difficulties  to  over* 
come :  He  inclosed  the  cylinderin  another  containing  Ueamp 
and  that  in  a  wooden  ca$e  at  a  tmall  distance  from  it^  whidk 
^ectuaUjf  prevents  all  condensation  in  the  inner  cylinder  from 
eaitemal  influence;  and  the  condensation  by  the  outer  cylinder 
itse^,  which  was  very  small,  had  no  other  bad  consequence  than 
the  loss  of  BO  much  steam  at  formed  the  condensed  water.    {See 
Mr  W!s  short  history  of  the  invention,  p.  117.) 

The  greatest  difficulty  was  to  make  the  great  piston  tight* 
The  old  and  effectual  method,  by  water  lying  on  it^  was  in- 
admissible. He  was  therefore  obliged  to  have  his  cylinders- 
most  nicely  bored,  perfectly  cylindrical,  and  finely  polish- 
ed ;  and  he  made  numberless  trials  of  different  soil  substan- 
ces for  packing  his  piston,  which  should  be  tight  without  en- 
ormous friction,  and  which  should  long  remain  so,  in  a  si- 
tuation perfectly  dry  and  very  hot. 

Aaer  all  that  Mr  Watt  has  done  in  this  respect,,  he 
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thinks  that  the  greatest  part  of  the  waste  of  steam  which  be 
still  perceives  in  his  engines,  arises  from  the  unavoidable 
escape  by  the  sides  of  the  piston  during  its  descent. 

But  the  fact  is,  that  an  engine  of  this  construction,  of 
the  same  dimensions  with  a  common  engine^  making  the 
same  number  of  strokes  of  the  same  extent,  does  not  con- 
sume above  one-fourth  or  one-third  part  of  the  fuel  that  is 
consumed  by  the  best  engines  of  the  common  form.  It  is 
also  a  very  fortunate  circumstance,  that  the  performance 
of  the  engine  is  not  immediately  destroyed,  nor  indeed  sen- 
sibly diminished,  by  a  small  want  of  tightness  in  the  piston. 
In  the  common  engine,  if  air  get  in  in  this  way,  it  imme- 
diately puts  a  stop  to  the  work  $  but  although  even  a  consi- 
derable quantity  of  steam  get  past  the  piston  during  its  de- 
scent, the  rapidity  of  condensation  is  such,  that  hardly  any 
diminution  of  pressure  can  be  observed. 

61.  tVhem  Newcomen*s  engines  are  working  under  loads  in- 
ferior  to  their  whole  power,  they  are  regulated  to  prevent 
shocks. which  would  be  prgudicial,  by  lessening  the  quantity  of 
ittfection,  or  by  shutting  the  injection-cock  sootier :  These  new 
etigines  may,  in  some  degree,  be  regulated  in  the  same  manner  ; 
but  it  is  done  more  effectually  and  economically,  Jint,  by  limit- 
img  the  opening  of  the  regulating-valve  which  admits  the  steam 
above  the  piston,  and  letting  it  continue  so  open  during  the 
whole  length  of  the  stroke ;  secofid/y^  by  letting  it  open  fully  at 
first,  and  shutting  it  completely  when  the  piston  has  proceeded 
downwards  only  part  of  its  stroke  ;  or,  lastly,  by  the  use  of  a 
throttle'Valve,  which,  acting  in  the  same  manner  as  the  food- 
gate  of  a  mill,  admits  no  more  steam  than  gives  the  desired 
power.    {See  description  of  throttle-valve,  p.  1545.) 

6€.  The  second  of  these  methods  of  regulating  the  power  of 
tht  enginCfforms  the  basis  ofwliat  is  called  the  Expansive  En- 
gine, wlwA  renders  available  the  greater  part  of  the  power 
with  which  the  steam  would  rush  into  empty  space,  were  ihepis' 
torn  acted  upon  by  the  wliole  force  of  the  steam,  from  the  bottom 
to  the  top  of  the  stroke,  through  the  whole  length  of  the  cy- 

11 
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Under,  a  prindfie  which  had  fiiU  occurred  to  Mr  Walt  in 
1769^  ond  wa$  adopted  in  an  engine  at  Soho  manufactory^ 
and 9ome  others,  about  1776,  and  in  1778  at  Shadwell  waters 
worh,  and  afterwards  particularly  described  in  his  specification 
qfa  patent  for  several  new  trnprovements  upon  steam-engines, 
yi  1782. 

The  construction  of  this  engine  is  what  has  been  described. 
The  iteamrvahe  I  is  always  allowed  to  openfuUy ;  the  pbu  of 
the  plug-frame  are  regulated  so  that  that  vahe  shall  shut  the 
moment  that  the  piston  has  descended  a  certain  portion,  sup^ 
pose  onefourth,  one-third,  or  one^half  of  the  length  oftheof' 
Under.  So  far  the  cjlinder  was  occupied  by  ateam  as  elastic 
as  common  ur.  In  pressing  the  piston  fiuther  down^  it 
behoved  the  steam  to  expand,  And  its  elaaticity  to  diminish* 
It  is  plain  tiiat  this  can  be  done  in  any  degree  we  please^ 
and  that  the  adjastment  can  be  varied  in  a  minute^  accord- 
ing to  the  exigency  of  the  case,  by  moving  ths^phig-pins. 

In  the  mean  time^  it  must  be  observed,  that  the  pressure 
on  the  piston  is  continually  changing^  and  consequently  the 
accelerating  force.  The  motion^  therefore,  will  no  longer 
be  uniformly  accelerated  :  It  will  approach  much  faster  to 
uniformity ;  nay,  it  may  be  retarded,  because  although  the 
pressure  on  the  piston  at  the  beginning  of  the  stroke  may 
exceed  the  resistance  of  the  load,  yet  when  the  piston  is 
near  the  bottom,  the  resistance  may  exceed  the  pressure. 
Whatever  may  be  the  law  by  which  the  pressure  on  the 
piston  varies,  an  ingenious  mechanic  may  contrive  the  con- 
necting machinery  in  such  a  way  that  the  chains  or  rods  at 
the  outer  end  of  the  beam  shall  continually  exert  the  same 
pressure,  or  shall  vary  their  pressure  according  to  any  law 
he  ^ds  most  convenient.  It  is  in  this  manner  that  the 
watchmaker,  by  the  form  of  the  fuz^  produces  an  equal, 
pressure  on  the  wheel-work  by  means  of  a  very  unequal  ao- 
tirni  of  the  main-spring.  In  like  manner,  by  making  the 
outer  arch-heads  portions  of  a  proper  spiral  instead  of  a  cir- 
cle we  can  regulate  the  force  of  the  beun  at  pleasure. 
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Thus  we  sec  how  mndi  more  manageable  an  engine  is  in 
this  form  than  Newcoroen's  n^as,  and  abo  more  easily  inves^ 
tigated  in  respect  of  its  power  in  its  various  positions.  The 
knowledge  of  this  last  circumstance  was  of  mighty  conse- 
quence, and  without  it  no  notion  could  be  formed  of  what 
it  could  perform^  which  may  be  called  a  discovery  of  great 
importance  in  the  theory  of  the  engine.  fVe  shall  give  here 
Mr  Watfs  theory  of  the  expamm>e  emgine  which  we  have  just 
ieecribed. 

63.  Let  ABCD  (Plate  II.  fig.  10.)  represent  a  section  of 
the  cylinder  of  a  steam-engine^  and  EF  the  surface  of  its  pis- 
ton. Let  us  suppose  that  the  steam  was  admitted  while  EF 
was  in  contact  with  AB^  and  that  as  soon  as  it  had  pressed 
it  down  to  the  rilMtion  £F^  the  steam-cock  is  shut.  The 
steam  will  oontifrae  to  press  it  down,  and  as  the  steam  ex- 
pands,  its  pressure  diminishes.  We  may  express  its  press- 
ure (exertil^all  the  while  the  [Hston  moves  from  the  situa- 
tion  AB  to  the  situation  EF)  by  the  Ime  EF.  If  we  suppose 
the  elasticity  of  the  steam  proportional  to  its  density,  as  is 
nearly  the  case  with  air,  we  may  express  the  pressure  on  the 
piston  in  any  other  position^  such  as  KL  or  DC,  by  K  /  and 
D  c,  the  ordinates  of  a  rectangular  hyperbola  Flc,  of  which 
AE,  AB  are  the  assymptotes,  and  A  the  centre.  The  ac- 
cumulated gressure  during  the  motion  ofthe  piston  from  EF 
to  DC,  will  be  expressed  by  the  area  EF  c  DE,  and  the 
pressure  during  the  whole  motion  by  the  area  ABF  c  D  A, 

Now  it  is  well  known  that  the  area  EF  c  DE  is  equal 

AD 
to  ABFE  mdltiplied  by  the  hyperbolic  logarithm  of  ^-j^, 

==^  I-  "TT*  and  the  whole  area  ABF  c  D A  is  =  ABFE  X 
Ab 

Thus  let  the  diameter  of  the  piston  be  24  inches,  and 
*e  pressure  of  the  atmo^here  on  a  square  inch  be  14 
?ounds|  the  pressure  on  the  piston  is  633S  pounds.    Let 
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the  whole  stroke  be  6  feet,  and  let  the  steam  be  stopped 

when  the  piston  has  descended  18  inohes,  or  ).5  feet   The 

6 
hyperbolic  logarithm  of        is  1.3862943.    Therefore  ^e 

accumulated  pressure  ABF  c  DA  is  =  6333X2.3682949, 
=  15114  pounds. 

As  few  professional  engineers  are  possessed  of  a  table  of 
hyperboh'c  logarithms^  <irhile  tables  of  common  logarithms 
are^  or  should  he^  in  the  hands  of  every  person  who  is 
much  engaged  in  mechanical  calculations^  let  the  follow* 
ing  method  be  practised.    Take  the  common  logarithm  of 

AD 

--p ,  and  multiply  it  by  2.3026 ;  the  product  is  the  hyper- 
bolic logarithp  of  j^ . 

The  accumulated  pressure  while  the  piston  moves  from 
AB  to  EF  is  6SS3  X  \,  or  simply  6S33  pounds.  Therefore 
the  steam  while  it  expands  into  the  whole  cylinder  adds  a 
pressure  of  878]  pounds. 

Suppose  that  the  steam  had  got  free  admission  during 
the  whole  descent  of  the  piston,  the  accumulated  pressure 
would  have  been  6333  X  4,  or  25332  pounds. 

Here  Mr  Watt  observed  a  remarkable  result.  The 
steam  expended  in  this  case  would  have  been  four  times 
greater  than  when  it  was  stopped  at  one-fourth,  apd  yet  the 
accumulated  pressure  is  not  twice  as  great,  being  nearly 
five-thirds.  One-fourth  of  the  steam  performs  nearly  three- 
fifths  of  the  work,  and  an  equal  tjuantity  performs  more 
than  twice  as  much  work  when  thus  admitted  during  one- 
fourth  of  the  motion. 

This  i^  carious  and  important  information,  and  the 
advantage  of  this  method  of  working  a  steam-engine  in- 
creases in  proportion  as  the  steam  is  sooner  stopped  \  but 
the  increase  is  not  great  after  the  steam  is  rarefied  four 
times.  The  curve  approaches  near  to  the  axis,  and  small 
additions  ore  made  to  the  area.  The  expense  of  such  great 

VOL,  II.  I 


t 

ISO  STEA^-ENGINE. 

cylinders  is  considerable,  and  may  sometimes  compensate 
this  advantage.* 

Let  the  stisam  be  stopped  at                    Its  perfomuince  is  mult. 
i 1.7 

3  •  •  •  ^  •  2*1 

i 2.4 

i         .         .         .         .         .         2.6 
i 2.8 

r  .    .    .    .    .    3. 

i 3.2 

It  is  Tery  pleasing  to  observe  so  many  unlooked-for 
advantages  resalting  from  an  improvement  made  with  the 
sole  view  of  lessening  the  waste.of  steam  by  condensation. 
While  this  purpose  is  gained^  we  learn  how  to  husband 
the  steam  which  is  not  thus  wasted.  The  engine  becomes 
more  manageable^  and  is  more  easily  adapted  to  every 
variation  in  its  task»  and  all  its  powers  are  more  easily 
computed. 

The  active  mind  of  its  ingenious  inventor  did  not  stop 
here :  It  had  always  been  matter  of  regret  that  one-half  of 
the  motion  was  unaccompanied  by  any  work.  It  was  a 
very  obvious  thing  to  Mr  Watt,  that  as  the  steam  admitted 
^above  the  piston  pressed  it  down,  so  steam  admitted  below 
the  piston  would  press  it  up  with  the  same  force^  provided 
that  a  vacuum  were  made  on  its  upper  side.  This  was 
easily  done,  by  connecting  the  lower  end  of  the  cylinder 
with  the  boiler  and  the  upper  end  with  the  condenser. 

68.  Description  of  Mr  Watfs  Steam- Engine  in  its  most 
improved  State,  called  the  Double  Engine* — Plate  III.  fig. 
11.  is  a  representation  of  this  construction  exactly  copied 


•  "  All  these  calcolations,  howerer,  proceed  upon  the  supposition  that 
oontracti  and  expands  by  Variations  of  jfresfare,  in  the  same  ratios  that 
«tr  would  do."    W. 
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from  Mr  Watt's  figure  accompanying  his  specification. 
Here  BB  is  a  section  of  the  cylindeV,  surrounded  at  a  small 
distance  by  the  steam-case  1111.  The  section  of  the  piston 
A,  and  the  collar  which  embraces  the  piston-rod^  gives  a 
distinct  notion  of  its  construction,  of  the  manner  in  which 
it  is  connected  with  the  piston-rod,  and  how  the  packing 
of  the  piston  and  collar  contributes  to  make  all  tight. 

From  the  top  of  the  cylinder  proceeds  the  horizontal 
pipe,  ^ibove  the  letter  D  is  observed  the  seat  of  the  steam- 
valve^  communicating  with  the  box  above  it.  In  the  mid« 
die  of  this  may  be  observed  a  dark-shaded  circle.  This  is 
the  mouth  of  the  upper  branch  of  the  steam-pipe  coming 
from  the  boiler.  Beyond  D,  below  the  letter  N,  is  the  seat 
of  the  upper  condensing- valve.  |The  bottom  of  the  cylinder 
is  made  spherical^  fitting  the  piston,  so  that  they  may  come 
nearly  into  entire  contact  Another  horizontal  pipe  proceeds 
fit)m  this  bottom.  Above  theJetter  E  is  the  seat  of  the  lower 
steam-valve,  opening  into  the  valve-box.  This  box  is  at  the 
extremity  of  another  steam-pipe  marked  C,  which  branches 
off  from  the  upper  horizontal  part,  and  descends  obliquelyt 
ooming  forward  to  the  eye.  (See  the  front  view,  Plate  IIL 
fig.  12.)  The  lower  part  is  represented  as  cut  open,  to 
ahew  its  interior  conformation.  Beyond  this  steam^valv^ 
and  below  the  letter  F,  may  be  observed  the  seat  of  the 
lower  condensing-valve.  A  pipe  descends  from  henc^ 
and  at  a  small  distance  below  unites  with  another  pipe 
6G,  which  comes  down  from  the  upper  condensing  valve 
N.  These  two  eduction-pipes  tjb  us  united  go  downwards^ 
and  open  at  L  into  a  rectangular  box,  of  which  the  end 
is  seen  at  L.  This  box  goes  backward  from  the  eye,  and 
at  its  &rther  extremity  communicates  with  the  air-pump 
K,  whose  piston  is  here  represented  in  section  with  its 
btitterfly  vidves.  The  piston  delivers  the  water  and  air  la- 
terally into  another  rectangular  box  M^  darkly  shaded, 
which  box  communicates  with  the  pump  I.  The  piston- 
rods  of  this  and  of  the  air-pump  are  suspended  by  chains 
from  a  small  arch-head  on  the  inner  arm  of  the  geCkt 
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beam.  The  lower  part  oF  the  eduction-pipe^  the  liorJzontal 
box  L,  the  air-pump  K,  with  the  GOiPKQuiiicatiqg  box  M 
between  it  and  the  pump  I,  are  all  inunersed  io  the  cold 
water  of  the  condensing  cistern*  Th^  box  L  is  npade  f]at» 
broad,  and  shallow,  in  order  to  increase  i^  Burface  and 
accelerate  the  condensation.  But  th^t  this  ii^ay  be  per* 
formed  with  the  greatest  expeditiop^  a<small  pipe  H>  open 
below  (but  occasionally  stopped  by  a  plug-valvei)  is  inserted 
laterally  into  the  eduction- pipe  G,  and  then  divides  into 
two  branches,  one  of  which  reaches  within  a  foot  or  two  of 
the  upper  valve  N,  and  the  other  approaches  a»  npar  to  the 
valve  F. 

As  it  is  intended  by  this  eonstruction  to  give  the  piston 
a  8ti:ong  impulse  in  both  directionsi  it  will  not  be  proper 
to  suspend  its  rod  by  a  chain  from  the  great  beam;  for  it 
inust  not  only  pull  down  that  end  of  the  beam,  but  also 
pnsh  it  upwards.  It  may  indeed  be  suspended  by  double 
cham%  like  the'  pistons  of  the  engines  for  extinguishing 
fires ;  and  Mr  Watt  has  accordingly  done  so  in  some  of 
his  engines.  But  in  his  drawipg,  from  which  this  figure  is 
copied^  he  has  communicated  the  force  of  the  piston  to  the 
beam  by  means  of  a  toothed  rack  OO5  which  engages  or 
works  in  the  toothed  sector  QQ  on  the  end  of  the  beam* 
The  reader  will  understand,  without  any  faither  explana- 
tion, how  the  impulse  given  to  the  piston  in  either  direction 
is  thus  transmitted  to  the  beam  without  diminution.*  The 
fly  XX,  with  its  pinion  Y^  which  also  works  in  the  toothed 
arch  QQ,  may  be  supposed  to  be  removed  for  the  present^ 
and  wiU  be  considered  afterwards*. 

We  shall  take  the  present  opportunity  of  describing  Mr 
Watt's  method  of  communicating  the  force  of  the  steam- 
engine  to  any  machine  of  the  rotatory  kind.    W  repre- 


♦  "These  racks  and  sectors  were  very  soon  laid  aside,  and  abetter  method, 
called  the  parallel  motioa  (hereinafter  dtKribed)  emplojred  instead  of  them.'* 
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«ait8  the  rim  and  amiB  of  a  very  large  and  heavy  metalline 
By,  On  its  axis  is  the  concentric-toothed  wheel  U.  There 
is  attached  to  the  end  of  the  great  beam  a  strong  and  stiff 
rod  XT,  to  -Che  lower  ead  of  which  a  toothed  wheel  W  is 
firmly  fixed  by  two  bolts,  so  that  it  cannot  turn  round. 
This  wheel  is  of  the  same  size  and  in  the  same  vertical 
I^ane  with  ibt  wheel  U;  and  an  iron  link  or  strap  (which 
«annc»t  he  seen  here,  because  it  is  on  the  other  side  of  tho 
two  whcds)  connects  the  centres  of  the  two  wheels,  so  that 
^e  pne'rcanuot  quit  the  other.  The  engine  being  in  the 
poaition  tr^mented  i^  the  fignrc^  suppose  the  fly  to  be 
turned  once  round  t^  any  external  force  in  the  direction 
of  the  darts.  It  is  plmn^  -that  since  the  toothed  wheels 
.cannot  quit  each  other,  being  kept  together  by  the  link^ 
the  inner  htalf  (that  i%  the  half  next  the  cylinder)  of  the 
wheel  U  Will  work  on  the  inner  half  of  the  wheel  W,  so 
that  Ht  the  end  of  the  revolution  of  th6  fly  the  wheel  W 
inust  Kave.got  to  the  top  of  the  wheel  U,  and  the  outer 
end  of  the  beam  mutt  be^ramd  toitsJiighest  position.  The 
next  revolution  of  the  fly  will  bring  the  wheel  W  and  the 
beam  omnected  with  it  to*  their  first  positions ;  and  thus 
^ery  two  revolutions  of  the  fly  will  make  a  complete  period 
of  the  beam's  reciprocating  movements.  Now,  instead  of 
supposing  the  fly  to  drive  the  beam,  let  the  beam  drive  the 
fly.  The  motions  must  be  perfectly  the  same,  and  the 
ascent  or  descent  of  the  piston  wiH  produce  one  revolution 
of  the  fljr.** 


■n""^»^" 


•  a. 


It  U  proper  here  to  gire  the  hiitory  of  this  invention,  1  bad  very 
early- t«nied4D J  mind  to  the  producing  contiimed  motions  round  an  axis,  and 
it  will  be  seen  by  reference  to  my  first  specification,  in  1769,  that  I  there 
described  a  stea^^heel,  mored  by  the  force  of  steam  acting  in  a  circular 
channel  against  a  valve  on  one  side,  and  against  a  column  of  mercury  or  soma 
other  fluid  metal  on  the  other  side.  This  was  executed  upon  a  scale  of  about 
aix  feet  dia^neter  at  Soho,  and  worked  repeatedly,  but  was  given  up,  as  seve- 
ral practical  ol^ections  were  found  to  operate  against  it.  Similar  objectiona 
lay  against  other  rotative  engines  which  had  been  contrived  by  myself  and 
others,  at  well  as  to  the  engines  producing  rotatory  motions  by  means  of 
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A  front  view  of  this  double  engine  is  given  in  fig.  12. 
marked  by  the  same  letters  of  reference.    This  shows  the 


ratchet-wheels,  mentioned  §  47.  HaTing  made  pij  reciprocating  enginet 
very  regular  in  their  movements,  I  considered  how  to  produce  rotatiTe  mo« 
tions  from  them  in  the  best  manner ;  and  amongst  various  schemes  which 
were  subjected  to  trial,  or  which  passed  through  my  mind,  none  appear  d  so 
likely  to  answer  the  purpose  as  the  apphcation  of  the  crank  i|i  the  manner  of 
the  common  turning  laihe,  (an  invention  of  great  merit,  of  which  the 
humble  inventor,  and  even  its  zra,  are  unknown).     But,  as  the  rotative 
motion  is  produced  in  that  machine  by  the  impulse  given  to  the  crank  in 
the  descent  of  the  foot  only,  and  behoves  to  be  continued  in  its  ascent  by 
the  momentum  of  the  wheel  which  acu  as  a  fly,  and  being  unwilling  to  loa4 
my  engine  with  a  fly  heavy  enough  to  continue  the  motion  during  the  * 
ascent  of  the  .piston,  (and  even  were  a  counter-weight  employed  to  act 
during  that  ascent,  of  a  fly  heavy  enough  to  equalise  the  motion),  I  pro- 
posed to  employ  two  engines  acting  upon  two  cranks  fixed  on  the  same  azi« 
at  an  angle  of  120  degrees  to  one  another,  and  a  weight  placed  upon  the 
circumference  of  the  fly  at  the  same  angle  to  each  of  the  cranks,  by  which 
means  the  motion  might  be  rendered  nearly  equal,  and  a  very  light  fly 
would  only  be  requisite.    This  had  occurred  to  me  very  early,  but  my  at- 
tention being  fully  employed  in  making  and  ere^ng  engines  for  raising 
water,  it  remained  in  petto  until  about  the  year  1778  or  9,  when^Mr  Was- 
brough  erected  one  of  his  ratchet-wheel  engines  at  Birmingham,  the  fre- 
quent breakages  and  irregularities  of  which  recalled  the  subject  to  my  qund, 
and  I  proceeded  to  make  a  model  of  my  method,  which  answered  my  expec- 
tations ;  but  having  neglected  to  take  out  a  patent,  the  invention  was  com- 
municated by  a  workman  employed  to  make  the  model  to  some  of  the  peo- 
ple about  Mr  Wasbrough's  engine,  and  a  patent  was  taken  out  by  them 
for  the  apphcation  of  the  crank  to  steam>engines.    This  fact  the  said  work- 
man confessed,  and  the  engineer  who  directed  the  works  acknowledged  it, 
but  said,  nevertheless,  the  same  idea  had  occurred  to  him  prior  to  his  hearing 
of  mine,  and  that  he  had  even  made  a  model  of  it  before  that  time,  which 
aught  be  a  fact,  as  the  application  to  a  single  crank  was  sufficiently  obvious. 
In  these  circumstances  I  thought  it  better  to  endeavour  to  accomplish  the 
••me  end  by  other  means,  than  to  enter  into  litigation,  and,  if  successful,  by 
««n»li«hing  the  patent,  to  lay  the  matter  open  to  every  body.    Accord- 
*Wy»  in  1781, 1  invented  and  took  out  a  patent  for  several  methods  of  pro- 
«*€>ng  rotative  motions  from  reciprocating  ones,  amongst  which  was  the 
««hod  of  the  sun  and  planet  wheels  described  in  the  text. 

fj  nia  contrivance  was  applied  to  many  engines,  and  possesses  the  great 
***K«  of  giving  a  double  velocity  to  the  fly ;  but  is  perhaps  more  sub- 
to  wete,  and  to  be  broken  under  great  ttrainsi  than  the  crank,  which  i% 
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sitnation  of  parts  which  were  fore-shortened  in  fig.  ]  1.,  par- 
ticnlarly  the  descending  branch  C  of  the  steam-pipe,  and 
the  situation  and  communications  of  the  two  pumps  K  and 
I.  8y  8  is  the  horizontal  part  of  the  steam-pipe.  9  is  a 
part  of  it,  whose  box  is  represented  by  the  dark  circle  of 
fig.  11.  D  is  the  box  of  the  steam-clack;  and  the  little 
drcle  at  its  comer  represents  the  end  of  the  axis  which 
turns  it,  as  will  be  described  afterwards.  N  U  the  place  of 
the  upper  eduction-valve.  A  part  only  of  the  upper  educ- 
tion^pipe  G  is  represented,  the  rest  being  cut  off,  because 
it  would  have  covered  the  descending  steam-pipe  CC.  Whea 
continued  down,  it  comes  between  the  eye  and  the  box  £ 
of  the  lower  steam-valve^  and  the  box  F  of  the  lower  eduo- 
tion-valve. 

Let  us  now  trace  the  operation  of  this  machine  through 
all  its  steps.  Recurring  to  fig.  11.  Jet  us  suppose  that  the 
lower  part  of  the  cylinder  BB  is  exhausted  of  all  elastic 
fluids;  that  the  upper  steam-valve  D  and  the  lower  educ- 
tion-valve F  are  open,  and  that  the  lower  sicam-valve  E 
and  upper  eduction-valve  N  are  shut  It  is  evident  that 
the  piston  must  be  pressed  toward  the  bottom  of  the  cylin- 
der, and  must  puU  down  the  end  of  the  working-beam  by 
means  of  the  toothed  rack  OO  and  sector  QQ,  causing  the 
other  end  of  the  beam  to  urge  forward  the  machinery  with 
which  it  is  connected.  When  the  piston  arrives  at  the 
bottom  of  the  cylinder,  the  valves  D  and  F  are  shut  by  the 
plug-frame,  and  E  and  N  are  opened.  By  this  Ja^^t  passage 
the  steam  gets  into  the  eduction-pipe,  where  It  meets  with 
the  injection  water,  and  is  rapidly  condenued.    The  steam 


oow  more  commonly  used,  although  it  requires  a  fly-wheel  of  four  times  the 
weight,  if  fixed  upon  the  first  axis.  My  application  of  the  double  eugine 
to  these  rotative  machines  rendered  unnecessary  the  counter  weight,  ami 
produced  a  more  regular  motion ;  to  that,  in  most  of  our  gtcai  manHt*^^i^i'i*'» 
these  enghiei  now  tup^ly  the  plute  of  water^  wind,  and  horse  milis  ;  and  tii- 
iteod  of  carrying  the  work  to  the  powcr^  the  prime  aetnt  ii  placed  ipher99€r  ft 
h  mcit  ctmvenient  to  the  ni#ii«f«c^i(rer«*'    W* 
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from  the  boiler  ienters  at  the  same  time  by  E»  a&d  pressing 
bn  the  lower  side  of  the  piston,  forces  it  upwards,  and  by 
incans  of  the  toothed  rack  OO  and  toothed  sector  QQ 
forces  up  that  end  of  the  working^beam^  and  causes  the 
bther  end  to  urg^  forward  the  machinery  with  which  it  is 
connected:  and  in  this  manner  the  operation  of  the  engine 
may  be  continued  for  ever* 

The  injection  water  is  oontihiially  rufanin^  into  the  edoc- 
ttod-plpe,  because  coiidensatibn  is  continually  going  oi^ 
and  therefore  there  is  a  condnual  atmospheric  pressure  to 
pr6duce  a  jet*  The  air  which  is  disen^^aged  from  the  water^ 
or  enters  by  leaks,  is  evacuated  only  ditiring  iHe  tise  of  the 
piston  of  the  air-pump  K. 

It  is  evident  that  this  form  of  the  engine,  by  maintain- 
ihg  an  almost  constant  and  uninterrupted  impulsion,  is 
much  fitter  for  driving  any  madiinery  of  continued  motion 
than  any  of  the  former  engines,  which  were  inactive  during 
half  of  their  motion.  It  does  not^  however,  seem  to  have 
this  superiority  when  employed  to  draw  watek* ;  but  it  is 
also  fitted  for  this  task.  Let  the  engine  be  loaded  with 
twice  as  much  as  would  be  proper  for  it  if  a  single-stroke 
engine,  and  let  a  fly  be  connected  with  it.  Then  it  is 
plain  that  the  power  of  the  engihe  during  the  rise  of  the 
steam-piston  will  be  accumulated  in  the  fly;  and  this,  in 
conjunction  with  the  power  of  the  engine  during  the  descent 
of  the  steam-pistony  will  be  equal  to  the  whole  load  of 
water.* 


*  "  The  engraving  here  referred  to  is  copied  from  the  drawing  of  the 
doable  engine  in  the  above  patent  of  1782,  and  is  tbatof  an  experimental  en- 
gine, no  others  having  ever  been  made  exactly  similar.  I  have  now  added 
engravings  rf  one  of  the  Albion-Mill  engines,  being  one  of  the  earliest  double 
engines  erected  for  sale.  I  do  not  exactly  recollect  the  date  of  the  invention 
of  the  double  enj»ine,  but  a  drawing  of  it  is  still  in  my  possession,  which  was 
produced  in  the  House  of  Commons  when  I  was  soliciting  the  act  of  parlin- 
ment  for  the  prolongation  of  my  patent  in  1774-5.  Having  encountered 
mnch  difficulty  in  teaching  others  the  constructioa  and  ufe  of  the  single  en- 
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In  speaking  of  the  steam  and  eduction-valves,  we  said 
that  they  were  all  puppet-valves.  Mr  Watt  at  first  employ- 


gine,  aod  in  oTercoming  prejadices«  I  proceeded  no  farther  in  it  at  that  time, 
nor  tmtil,  finding  myself  beset  with  an  host  of  plagiaries  and  pirates  in  1782»  I 
thought  it  proper  to  insert  it^  and  some  other  things,  in  the  patent  abofe* 
mentiooed* 

"  The  mention  of  the  Albion  mills  induces  ipe  to  say  a  few  words  respect' 
ii^g  an  establishment  so  unjustly  calumniated  in  its  day>  and  the  premature 
destruction  of  which  by  fire«  in  ilVt,  was  not  hnprobabl  j^  imputed  to  design. 
So  far  from  being,  as  misrepresented^  •  monopoly  injurious  to  the  public^  it 
was  the  means  of  considerably  reducing  the  price  of  floor  while  it  continued 
at  work. 

**  It  consisted  of  two  engines,  each  of  fifty  horses  power,  and  SO  pairs  of 
ninstones,  of  which  twelve  or  more  pairs,  with  the  requisite  tnachinety  for ' 
dressing  the  flour  and  for  other  porposesr  were  generally  kept  at  work.  la 
place  of  woodeA  wheels,  always  subject  to  frequent  derangement,  wheeb  of 
cast-iron,  with  the  teeth  truly  formed  and  finished,  and  properly  proportion* 
ed  to  the  work,  were  here  employed,  and  other  machinery,  which  used  Co  be 
Made  of  wood,  was  made  of  east-Iron,  in  improred  forms ;  and  I  tielieve  the 
work  executed  here  may  be  said  to  form  the  commencement  of  that  sy^a 
of  mill-work  which  has  prored  so  useful  to  thb  country. 

"  In  the  construction  of  that  roiU»work  and  machinery,  Boulton  and  Watt 
dfrWed  most  wlaable  assistance  flrom  that  able  mechanician  and  engineer^ 
Mr  John  Rennie,  then  just  entering  into  business,  who  assisted  in  planning 
them,  and  under  whose  direction  they  were  executed. 

"  The  engines  and  mill-work  were  contained  in  a  commodious  and  elegant 
bttilding,  designed  aiild  executed  under  tjto  direction  of  the  late  Mr  Samuel 
Wyatt,  architect. 

"  Though  the  double  engines  have  been  principally  applied  to  rotativa 
notionsy  yet  where  mines  are  very  deep,  they  are  adraiitageously  applied  to 
the  working  of  pumps  by  a  reciprocating  motion ;  one  set  or  half  of  the 
pump-rods  being  suspended  by  means  of  a  sloping  rod  from  the  working-beam 
near  the  cylinder,  and  the  other  half  of  these  rods  being  suspended  directly 
from  the  outer  end  of  that  beam,  so  that  the  ascendmg  motion  of  the  piston 
polls  up  one  half  of  these  rods,  and  works  the  pufflps  belonging  to  them,  and 
the  descending  motion  of  the  piston  polls  op  the  other  half  of  the  rods,  and 
works  their  pomps. 

"  An  engine  of  this  construction  was  erected  at  "WhttA  Maid  Mine,  in 
Cornwall,  in  the  year  1787,  or  begmiiing  of  1788,  having  a  cylinder  of  sixty- 
three  inches  diameter,  find  nine  feet  stroke ;  but  the  stroke  in  the  pump^ 
which  were  eighteen  inches  diameter,  was  only  seven  feet. 
«  This  engine^  wlMck  »t  «*»«  time  it  was  made,  was  the  most  powerfid  in  tha 
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ed  cocks^  and  also  sliding-valves,  such  as  the  r^^Iator  or 
steam-valves  in  the  old  engines.  But  he  found  them  always 
lose  their  tightness  after  a  short  time.  This  is  not  surpri- 
iing,  when  we  consider  that  they  are  always  perfectly  dry, 
and  very  hot.  Hq  was  therefore  obliged  to  change  them  aU 
for  the  puppet-clacks,  which,  whdn  truly  ground  and  nicely 
fitted  in  their  motions  at  firsts  are  not  found  to  go  soon 
out  of  order.  ^  Other  engineers  now  universally  use  them  in 
the  old  form  of  the  steam-engine,  without  the  same  reasons^ 
and  merely  by  servile  and  ignorant  imitation. 

The  way  in  which  Mr  Watt  opens  and  shuts  these  valves 
is  as  follows.  Fig.  19  represents  a  clack  with  its  seat  and 
box.  Suppose  it  one  of  the  eduction-valves.  HH  is  part 
of  the  pipe  which  introduces  the  steam,  and  GG  is  the  up- 
per part  of  the  pipe  which  communicates  with  the  conden- 
ser. At  EE  may  be  observed  a  piece  more  deeply  shaded 
than  the  surrounding  parts.  This  is  the  seat  of  the  valve^ 
and  is  a  brass  or  bell-metal  ring  turned  conical  on  the  out- 
side, so  as  to  fit  exactly  into  a  conical  part  of  the  pipe  GO. 
These  two  pieces  are  fitted  by  grinding;  and  the  cone 
being  of  a  long  taper,  the  ring  sticks  firmly  in  it,  especially 
after  having  been  there  for  some  time  and  united  by  rust. 
The  clack  itself  is  a  strong  brass  plate  D^  turned  conical  on 
the  edge^  so  as  to  fit  the  conical  or  sloping  inner  edge  of 
the  seat.  These  are  very  nicely  ground  on  each  other  with 
emery.  This  conical  joining  is  much  mare  obtuse  than  the 
outer  side  of  the  ring ;  so  that  although  the  joint  is  air- 
tight, the  two  pieces  do  not  stick  strongly  together.  The 
flack  has  a  round  tail  DL^  which  is  freely  moveable  up  and 


woridy  worked  remarkably  well,  though,  like  many  others  in  Cornwall,  it  was 
lp*ded  with  an  endrmous  weight  of  dry  pump>rodt. 

**  Jn  other  cases,  when  it  has  not  been  convenient  to  divide  the  pnrop-rods 
ato  two  sets,  the  ascending  motion  of  the  piston  has  been  employed  to  raise 
a  wtH^t  equal  to  one-half  the  colomn  of  water  in  the  pomps,  which  weight 
in  aid  of  the  power  of  the  engine  In  the  descending  stroke  of  the  pis-r 
I  Wt  the  farmer  method  ii  preferable^  whereTer  it  oaa  be  adopted."  W. 
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cbwn  in  the  hole  of  a  cross  piece  FP.  On  the  upper  side 
of  the  valve  is  a  strong  piece  of  metal  DQ  firmly  joined  to 
itf  one  side  of  which  is  formed  into  a  toothed  racjc  A  is 
the  section  of  an  iron  axle  which  turns  in  holes  in  the  op* 
posite  sides  of  the  valve-box,  where  it  is  nicely  fitted  by 
grinding,  so  as  to  be  air-tight.  One  end  of  this  axis  pro- 
jects a  good  way  without  the  box,  and  carries  a  spanner  or 
handle,  which  is  moved  by  the  plug  frame.  To  tfiis  axis  it 
fixed  a  strong  piece  of  metal  B,  the  edge  of  which  is  form- 
ed into  an  arch  of  a  circle  having  the  axis  A  in  its  centre^ 
and  is  cut  into  teeth,  which  work  in  the  teeth  of  the  rack 
DC.  K  is  a  cover  which  is  fixed  by  screws  to  the  top  of 
tfie  box  HJJH,  and  may  be  taken  off  in  order  to  get  at  the 
valve  when  it  needs  repairs. 

From  this  description  it  is  easy  to  see^  that  by  turning 
the  handle  which  is  on  the  axis  A,  the  sector  B  must  lift 
up  the  valve  by  means  of  its  toothed  rack  DC^  till  the  up* 
per  end  of  the  rack  touch  the  knob  or  button  K.  Turning 
the  handle  in  the  opposite  direction  brings  the  valve  down 
again  to  its  seat 

This  valve  is  extremely  tight.  But  in  order  to  open  it 
for  the  passage  of  the  steam,  we  must  exert  a  force  equal  to 
the  pressure  of  the  atmosphere.  This,  in  a  large  engine,  is 
a  very  great  weight.  A  valve  of  six  inches  diameter  sus- 
tains a  pressure  not  less  than  400  pounds.  But  this  force 
is  quite  momentary,  and  hardly  impedes  the  motion  of  the 
engine;  for  the  instant  the  valve  is  detached  from  its  sea^ 
and  has  moved  ihruugh  a  very  small  space,  the  great  force  of 
the  pressure  is  over.  Even  this  little  inconvenience  has  been 
removed  by  a  thought  of  Mr  Watt.  He  has  put  the  span- 
per  in  such  a  position  when  it  begins  to  raise  the  valve,  that 
its  mechanical  energy  is  almost  infinitely  great.  Let  QR 
(fig.  14.)  be  part  of  ihe  plug-frame  descending,  and  P  one 
hSitn  pins  just  going  to  lay  hold  of  the  spanner  NO,  move- 
|A)le  round  the  axis  N.  On  the  same  axis  is  another  arm 
KM|  connected  by  a  joint  with  the  leader  MLy  which  is 
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connected  also  by  a  joint  with  the  spanner  LA  that  is  on 
the  axis  A  of  the  sector  within  the  valve-box.    Therefor^ 
.  when  the  pin  P  pushes  down  the  q[>anner  NO,  the  arm 
NM  motes  sidewise  and  pulls  down  the  spanner  AL  bj 
n^eans  of  the  connecting  rod.  Things  are  so  disposed^  that 
when  the  cock  is  shot^  LM  and  MN  are  in  one  straight 
line.    The  intdiigent  mechanic  will  perceive  that,  in  this 
position,  the  force  of  thie  lever  ONM  is  insuperable.  It  has 
this  further  advantage,  that  if  any  thing  should  tend  to 
force  open  the  valve^  it  wooM  be  ineffectual ;  for  no  force 
aerted  at  A,  and  transmitted  by  the  rod  LM,  can  possibly 
piosb  the  joint  M  out  of  its  position.    Of  such  iraportanoe 
U  it  to  practical  mechanics,  that  its  professors  should  be 
persons  of  penetration  as  well  as  knowledge.    Yet  this  cir- 
ctimstance  is  unheeded  by  hundreds  who  have  servilely 
copied  from  Mr  Watt,  as  may  be  seen  in  every  engine  that 
is  puffed  on  the  public  as  a  discovery  and  an  improvement. 
When  these  puppet-valves  have  been  introduced  into  the 
d^mmon  engine^  we  have  not  seen  one  instance  where  this 
has  been  attended  to ;  certainly  because  its  utility  has  not 
Ueen  observed.*    (See  also  the  description  of  the  working- 
gear  of  the  Albion-mill  engines,  and  Plate  VI.} 


^  **  This  was  the  construction  of  the  regulator  boxes  or  nozles  which  was 
gmerally  employed  by  Boulton  and  Watt  about  the  time  when  this  essay 
was  written ;  but  upon  the  introduction  of  the  double  engines,  it  was  some- 
what changed,  the  regulator  or  valve,  which  admitted  the  steam  to  the 
cylinder,  was  placed  directly  over  the  exhaustion-valve,  which  admitted 
the'  steam  to  the  condenser,  as  may  be  seen  in  the  drawing  of  one  of  the 
Albion-Mill  engines,  represented  in  Plate  B. 

*•  At  a  later  period,  my  friend  Mr  Murdock  contrived  another  arrange- 
ment, which  is  now  generally  followed  in  steam-engines  applied  to  the 
working  pumps,  or  other  reciprocating  motions :  The  regulating-valves  are 
placedone over  another,  as  has  just  been  mentioned ;  the  stems  of  the  steam- 
xcgulators  are  hollow  cylinders,  through  which,  and  a  collar  of  hemp,  the 
•tema  of  the  exhaustion- valves  pass  upwards  air-tight,  and  these  hollow 
•tenu  of  the  steam-regulators  also  pass  through  stuffing-boxes  in  the  covers 
|}f  the  regulator  boxes.    In  this  arrangement  the  regulators  or  valves  are 


I 

k, 


We  postponed  any  account  of  the  <)fBce  qt  the  fly  XX 
(fig.  1  i.)»  as  it  is  not  of  use  in  an  engine. ifgi^laled  by  the 
%  VV.  The  fly  XX  is  only  for  r^ulatipg  the  r^ipitv 
eating  motion  of  the  beam  when  the.  st^m  is  not  admitted 
dnring  the  whole  descent  of  the  piston.  Tim  it  evidently 
most  render  more  uniform^  accumulating  a  momentum 
equal  to  the  whole  pressure  of  the  full  supply  of  8t0ain»  and 
then  sharing  it  with  the  beam  during  the  r^t  of  the  descent 
oftbepiston»f 

GQ.  When  a  person  properly  skilled  in  mechanics  and  ch^ 
mistry  reviews  these  difierent  forms  of  Mr  Watt's  steam- 
engine»  he  will  easily  perceive  them  susceptible  of  many 
intermediate  forms,  in  which  any  one  or  more  of  the  ii^ 
tinguishing  improvements  may  be  employed.  The  fiirst 
great  improvement  was  the  condensation  in  a  sc^arale 
TesseL  This  increased  the  original  powers  of  the  enginey 
giving  to  the  atmospheric  pressure  and  to  the  counter- 
wei|^t  their  full  energy ;  at  the  same  time  the  waste  of 
iteam  is  greatly  diminished.  The  next  improvement,  by 
employing  the  pressure  df  the  steam  instead  of  that  of  the  air 
mosphere,  aimed  not  only  at  a  still  farther  diminution  of 
the  waste;  but  was  also  fertile  in  advantages,  rendering 


raUed  and  depressed  by  meant  of  machinerjr  filed  upon  the  outside  (in 
place  of  that  described  in  the  inside),  and  are  preferable  from  their  bein^ 
more  easily  accessible  in  case  of  derangement. 

**  Mr  Murdock  has  also  contrived  an  excellent  sliding  Tahre  for  the  admk- 
ekm  of  steam  into,  and  its  exit  from,  the  cylinder  (now  very  generally  usedt 
iinth  some  improvements,  by  Boulton,  Watt,  and  Co.  in  their  routive  en- 
gines), for  which,  along  with  several  other  articles,  he  obtained  his  majes- 
ty's patent  in  1799,  (the  specification  of  which  has  been  published  in  the 
Repertory  of  Arts,  vol.  xiii.)  To  the  ingenuity  of  Mr  Murdock  are  also  duo 
many  improvements  in  the  manufacture  of  the  engines,  and  in  the  roachinet 

and  took  used  lor  that  ^rpose."  

f  "  This  has  been  found  to  be  unnecessary ;  for  even  in  pumping 
engines,  the  momentum  of  the  great  beam  pump-rods,  water,  &c.  is  found 
to  aflbrd  sufficient  regulation  for  the  inequality  of  the  itroke,  and  i&  irotA- 
tive  engine*  the  great  fly  perfonai  that  gfficct"    Wt 
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the  machine  more  manageable^  and  particularly  enabling  u^ 
at  all  times,  and  without  troubley  to  suit  the  power  of  the 
engine  to  its  load  of  work,  however  variable  and  increasing ; 
and  brought  into  view  a  very  interesting  proposition  in  the 
mechanical  theory  of  the  engine^  viz  that  the  whole  per* 
fermance  of  a  given  quantity  of  steam  may  be  augmented 
by  admitting  it  into  the  cylinder  only  during  a  part  of  the 
piston's  motion.  Mr  Watt  has  varied  the  application  of 
this  proposition  in  many  ways ;  and  there  is  nothing  about 
the  machine  which  gives  more  employment  to  the  sagacity 
and  judgment  of  the  engineer.  The  third  improvement  of 
the  double  impulse  may  be  considered  as  the  finishing 
touch  ^ven  to  the  engine,  and  renders  it  as  uniform  in  its 
action  as  any  water^wheeL  In  the  engine  in  its  most  per- 
feet  form  there  does  not  seem  to  be  above  one-fourth  of 
the  steam  wasted ;  so  that  it  is  not  pomble  to  make  it  one- 
iburth  part  more  powerful  than  it  is  at  present. 

70.  The  only  thing  that  seems  susceptible  of  consider- 
able improvement  is  the  great  beam.  The  enormous  strains 
exerted  on  ks  arms  require'A  proportional  strength.  This 
requires  a  vast  mass  of  matter,  not  less  indeed  in  an  engine 
with  a  cylinder  of  54  inches  than  three  tons  and  a  half, 
moving  with  the  velocity  of  three  feet  in  a  second,  which 
must  be  communicated  in  about  half  a  second.  This  mass 
must  be  brought  into  motion  from  a  state  of  rest,  must 
again  be  brought  to  rest,  again  into  motion,  and  again  to 
restj  to  complete  the  period  of  a  stroke.  This  consumes 
much  power;  and  Mr  Watt  has  not  been  able  to  load  an 
engine  with  more  than  10  or  11  pounds  on  the  inch  and 
preserve  a  sufficient  quantity  of  motion^  so  as  to  make  12 
or  15  8-feet  strokes  in  a  minute.* 


%  "  Tkere  is  no  loss  of  power  except  the  friction^  as  the  power  einploye4 
fl6  gnt  motion  in  the  beginning  of  the  stroke  is  returned  in  the  latter  part  of 
tt^  bj  coDtinning  the  motion^after  the  steam-regalatiog  valre  if  shut."    W. 

Ik.       ' 
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3^  ^ffiadty  <^  obtammg  timber  of  ancient  dimaidotu  ta 
Jorm  the  aorking-beam  of  a  very  powerful  engine  in  one  log, 
early  ta^eited  to  the  conttmclon  ^  Ueant'tnginet  theforttdng 
them  of  ux  or  more  logs  laidjiat  t^n  one  an- 
'  mtkeTy  and  tide  ta  side,  {aiAemn  in  thh  cnus  uclion,) 
lad  tcreatd  together  t^on  doteelU  or  joggleM  to 
prevent  them  from  iHding  upon  one  another ;  but 
huwever  well  working-beams  so  comtructed  have 
been  put  together,  it  has  been  found  that  after  they  have  been 
tome  time  in  toe  the  ttrapt  and  boltt  by  ahick  the  log$  were 
connected  hate  gradaaliy  got  looKt  and  leceral  bad  come-  ' 
quencet  hate  entued.*  Beami  in  one  solid  log  were  therefore 
pr^erred  wherever  they  coidd  be  obtained.  In  small  enginei 
Mr  Watt  tametimtt  used  aat-iron  wheels,  or  large  pullet, 
m  place  of  working-beami,  and  occauonaUy  other  contrU 

7l.  We  presume  that  our  thinkii^  readers  will  not  be 
di^Ieaaed  with  this  rational  history  of  the  prognsa  of  this 
engine  in  the  hands  of  its  ingenious  and  worthy  inventor. 
"We  owe  it  to  the  commnnications  of  a  friend]  well  ac- 
^oaiofed  with  him»  and.  able  to  judge  of  his  merits.    The 


"  To  preiflDt  Ihii,  whcD«>«f  tinbei  could  not  be  got  Uage  enoagh  tt 
1  Ibo  bewu  in  one  piece,  I  Isttetl;  reioited  to  nisple  bauni,  brftcad 


~  But  (oi  MTonl  jein  put,  workiDg-bcani  of  timber  for  enginei  of  evnj 
•in  hiTt  been  entirely  hid  Midc,  >ih1  thait  made  of  cul-iion  b&Te  beNi 
•mplofed  in  plue  of  them,  whereby  the  bendbj,  iplitting,  twiitltig,  diy>rol, 
ittt  to  which  wo«d  it  *ubjcet(  tie  completely  >Toided.''    Vi. 
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public  see  him  always  associated  with  the  no  less  celebrated 
mechanic  and  philosopher  Mr  Boujton^  of  Soho,  near  Bir- 
minghara.  They  have  shared  the  royal  patent  from  the 
bcu;iQpi|Jg ;  and  the  alliance  is  equally  honourable  to  bolh.^ 

7^.  The  advantage  derived  from  the  patent-right  show 
both  the  superiority  of  the  engine  and  the  liberal  minds  of 
thp  proprietors.  They  erect  the  engines  at  the  expence  of 
the  employers,  or  give  working  drafts  of  all  the  parts,  with 
instructions,  by  which  any  resident  engineer  may  execute 
the  work.  The  employers  select  the  best  engine  of  the  ordi- 
nary kind  in  the  neighbourhood  using  the  same  sort  of  coaisp 
compare  the  quantities  of  fuel  expended  by  each^  and  pay 
to  Messrs  Watt  and  Boulton  one-third  of  the  annual  sa- 
vings for  a  certain  term  of  years*  By  this  the  patentees 
are  excited  to  do  their  utmost  to  make  the  engine  perfect ; 
and  the  employer  pays  in  proportion  to  the  advantage  he 
derives  from  it.f 

It  may  not  be  here  improper  to  state  the  actual  perform** 
ance  of  some  of  these  engines* 


*  "  The  late  Dr  Roebock  of  Borrowstoness,  a  gentleman  of  mncb  ingenu- 
ity and  enterprise^  was  originally  associated  with  me  in  the  profits  which 
might  accrue  from  the  patent,  but  in  ht  about  1773  he  disposed  of  bis  inte- 
rest in  it  to  Mr  Boulton,  and  both  of  them,  in  1774-5,  assisted  me  in  procu- 
ring an  act  of  parliament  for  the  prolongation  of  the  patent  for  25  years 
from  that  time  ;  and  I  then  commenced  a  partnership  with  the  latter,  which 
terminated  with  the  exclusive  priirilege  in  the  year  1800,  when  I  retired  from 
business,  but  our  friendship  continued  undiminished  to  the  close  of  his  life. 
As  a  memorial  due  to  that  friendship,  I  avail  myself  of  this,  probably  a  last 
public  opportunity,  of  stating,  that  to  his  friendly  encouragement,  to  his  par- 
tiality for  scientific  improvements,  and  his  ready  application  of  them  to  the 
processes  of  art ;  to  his  intimate  knowledge  of  business  and  manufactures, 
and  to  his  extended  views  and  liberal  spirit  of  enterprise,  must  in  a  great  mea- 
aare  be  ascribed  whatever  success  may  have  attended  my  exertions.*'    W, 

t  "  This  was  originally  their  method  of  agreeing,  but  afterwards,  to  avoid 
disputes  and  trouble,  they  fixed  certain  rates  for  each  sized  enginCi  accord* 
log  to  the  value  and  quality  of  coals  in  the  neighbourhood.*'    W* 


L 
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7S*  The  burning  of  one  bushel  of  good  NewcaUlc  or  Swan^ 
9ea  cook  in  Mr  Watf$  reciprocating  engines,  working  more  or 
less  expansively,  was  found,  by  the  accounts  kept  at  the  Cornish 
mines,  to  raise  from  24  to  32-millions  of  pounds  of  water  one 
foot  high :  the  greater  or  less  effect  depending  up<m  the  state 
of  the  enpnt,  its  size,  and  rate  of  working,  and  upon  the  jua- 
lity  of  the  coaL 

In  engines  up(m  the  rotative  double  construction,  one  ham^ 
a  cylinder  if  31}  inches  diameter,  and  making  17i  strokes  of 
7  feet  long  per  minute,  called  40  horsed  power,'*  meaning 
the  constant  exertion  of  40  horses  {for  which  purpose,  siup^ 
poung  the  work  to  go  on  night  and  day,  S  relays,  or  at  least 
190  horses,  mu$t  be  kept,)  consumed  about  4  bushels  of  good 
tJewcastle  coal  per  hour,  or  400  weight  of  good  IVednesbury 
coal,    A  rotative  double  engine,  with  a  cylinder  qf23i  inches 
in  diameter,  making  2 1  i  strokes  of  5  feet  long  per  minute,  was 
called  90  horsed  power;  and  an  engine,  with  a  cylinder  of 
m  inches  diameter,  making  25  strokes  of  A  feet  long  per 
minute,  was  called  10  horsei  power ;  and  the  consumption  of 
eoab  by  these  was  nearly  proportional  to  that  of  the  40  horsei 
power* 


%  "  When  Boalton  and  Watt  set  about  the  introdaction  of  the  rotative 
steam>eogiues,  to  give  motion  to  mill- work,  thej  felt  the  necessity  of  adopt- 
ing some  mode  of  describing  the  power,  which  should  be  easily  understood 
by  the  persons  who  were  likely  to  use  them.  Horses  being  the  power  tlien 
generally  employed  to  move  the  roachioery  in  the  great  breweries  and  distil- 
leriei  of  the  metropolis,  where  these  engines  came  first  into  demand,  the 
power  of  a  milUhorse  was  considered  by  them  to  afibrd  an  obvions  and  con^ 
cise  standard  of  comparison,  and  one  sufficiently  definite  for  the  purpose  in 
view.  • 

"  A  horse  going  at  the  rate  of  S|  miles  an  honr  raises  a  weight  of  150  lba« 
by  a  rope  passing  over  a  pulley,  which  is  equal  to  the  raising  S3,000  pounda 
one  foot  high  in  a  minute.  This  was  considered  the  horse's  power ;  but  in 
calculating  the  size  of  the  engines^  it  was  judged  advisable  to  make  a  very 
ample  allowance  for  the  probable  case  of  their  not  being  kept  in  the  best  or- 
der, and  therefore  the  load  was  only  aanmed  at  about  7  lbs,  on  the  square 
inch  of  the  piston,  although  the  engines  work  well  to  10  lbs.  oo  the  iocb>  ez- 
cluiive  of  their  own  friction."  W» 
▼OL.  II.  K 
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A  bushel  of  Newcastle  coaht  which  thus  appears  to  be  the 
cojvtumptioH  of  a  lO-Aone  enoine  for  one  hour^  grinds  and 
dresses  about  10  bushels^  Winchester  measure,  of  wheat- 

The  quantity  of  water  necessary  for  injection  may  be  deter^ 
mined  on  principle  for  engines  having  a  separate  condenser. 
Saving  found  the  contents  of  the  cyUnder  in  cubic  feet  {that 
is,  the  area  of  tlie  piston  multiplied  by  the  length  of  the  stroke 
-)*  \Ji^  ^^  allow  for  the  vacuities  at  top  and  bottom  through 
phiih  the  piston  does  not  pass),  it  is  to  be  considered  that  every 
cubic  foot  of  steam  produces  about  a  cubic  inch  of  water  when 
condensed,  and  coniaiw  about  as  much  latent  heat  as  would 
raise  g60  cubic  ittches  of  water  one  degree.  This  steam  must 
not  only  be  condensed,  but  must  be  cookd  <{oci7J8  to  the  tempe- 
rature  of  the  hot  well:  tlierefore  oi  many  inches  of  cold  water 
must  be  empbyed  as  will  require  aU  this  heat  to  raise  it  to  the 
temperature  of  the  hot  well. 

Therefore  let  c  be  the  ipumtity  of  steam  to  be  condensed  in 
^bic  feet ; 

a=:fhe  temperature  qf  the  cold  water  {per  Fahrenhdt)  ; 
h^the  proposed  temperature  of  the  warm  water,  or  hot  well; 
\\7^zzthe  sensible  and  lattnt  heat  of  steam ; 
x=the  cubic  inches  of  cold  water  required  to  condense  c. 
Then  c X  ll7i— ^=x X b+a: 

rr»    ,.         TTr^i — h 

Therefore  c  X  —. =;x. 

Thus,  if  the  proposed  temperature  of  the  hot  well  be  100® 
{and  it  should  not  be  high^  to  obtain  a  tolerable  vacuum  in 
the  cylinder),  and  that  of  the  injection  be  50^,  we  have  a^50^, 

,         .         «        ,  1172—100  r^  .        r 

is  lOtf^  ,•  hence    ^^^       =£1.44=3',     That  ts,  for  every 

foot  of  the  capacity  of  the  stroke  in  the  cylinder  +  j^^,  calcu- 
lated  as  has  been  directed,  or  for  every  cubic  inch  of  water 
evaporated  from  the  boiler,  about  2 1 J  ubic  inches  of  water  at 
50^  tvill  be  required  to  condense  the  steam. 

But  as  the  isyection  water  may  not  be  obtained  so  cold  as 
Kfi,  mnd  other  circumstances  may  require  an  allowance,  a 
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wine  pini  of  water  for  every  inch  boiled  off,  or  for  every 
foot  qf  the  contentt  of  the  %troke  in  the  cylinder,  may  be  kepi 
tM  ndnd  as  an^iy  mfficient.  This  greatly  ejcceeds  the  quantity 
fifcessary  in  a  g(Jod  SttKfcomen's  engtue^  and  by  showing  the 
more  perfect  condensationf  points  out  the  superiority  of  the  mm 
engine ;  for  the  Newcomen's  engine,  if  working  to  the  greatesi 
advantage,  should  not  be  load^  to  more  thtm  7  pounds  upon 
the  inch,  whereas  fVatfs  engine  bears  a  load  not  much  lets 
than  11  pounds,  exclusive  of  friction,  when  making  1%  S-feet 
strokes  per  minute. 

What  has  been  now  said  is  not  a  matter  of  mere  curiosity  z 
it  affords  an  exact  rulejor  judging  of  the  good  working  order 
of  the  ef^ne.  We  can  measure  with  accuracy  the  water  ad* 
mitted  into  the  boiler  during  an  hour  without  allowing  its  sur^ 
face  to  rise  or  fall,  and  also  the  water  employed  for  injection. 
If  the  last  be  above  the  proportion  now  given  {adapted  to  the 
temperatures  50^  and  KXfi),  we  are  certain  that  steam  is 
wasted  by  leaks,  or  by  condensation  in  some  improper  place. 

It  is  evident  that  it  is  of  great  importance  to. have  the  tern* 
perature  of  the  hot  weU  as  low  as  possible,  because  there  alwcnfs 
remains  steam  in  the  cylinder  of  the  same  or  rather  higher 
temperature,  possessing  an  elasticity  which  balances  part  of  the 
pressure  on  the  other  side  of  the  piston,  and  thus  dimtnishes  the 
power  of  the  enpne.  This  is  clearly  seen  by  the  barometer 
which  Mr  Watt  applies  to  his  engines,  and  is  a  most  useful 
addition  to  the  proprietor.  It  shows  him  the  state  of  the  va* 
amm,  and,  with  the  height  of  the  mercury  in  the  steam^guage^ 
points  out  the  real  power  of  the  engine. 

Mr  Watt  finds  that,  with  the  most  judiciously  constructed 
furnaces,  it  requires  8  feet  of  surface  of  the  boiler  to  be  er* 
posed  to  the  action  of  the  fire  and  flame  to  boil  off  a  cubic  foet 
of  water  in  an  hour^  and  that  a  bushel  of  Setvcastle  coals  so 
applied  will  boil  off  from  6  to  12  cubic  feet,  and  that  it  re- 
jiares  abofU  a  cwt.  of  Wednesbury  coals  to  do  the  same.    W» 

bk  consequeDce  of  the  great  superiority  of  Mr  Wattes 
enginesi  both  with  respect  to  economy  and  manageable- 
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ness,  tbey  have  become  of  roost  extensive  use ;  and  in 
every  demand  of  manufacture  on  a  great  scale,  they  offer 
118  an  indefatigable  servant,  whose  strength  has  no  bounds. 

74.  The  greatest  mechanical  project  that  ever  engaged 
the  attention  of  man  was  on  the  point  of  being  executed  by 
this  machine.  The  States  of  Holland  were  treating  with 
Messrs  Watt  and  Boulton  for  draining  the  Haerlem  Meer, 
find  even  reducing  the  Zuyder  Zee :  and  we  doubt  not  but 
that  it  will  be  accomplished  whenever  that  unhappy  nation 
has  sufficiently  felt  the  difierence  between  liberty  and  fo- 
reign tyranny.*  Indeed  such  unlimited  powers  are  afford- 
ed by  this  engine,  that  the  engineer  now  thinks  that  no  task 
can  be  proposed  to  him  which  he  cannot  execute  with 
profit  to  his  employer. 

75.  No  wonder  then  that  all  classes  of  engineers  have 
turned  much  of  their  attention  to  this  engine;  and,  seeing 
that  it  has  done  so  much,  that  they  try  to  make  it  do  still 
more.  Numberless  attempts  have  been  made  to  improve 
Mr  Watt's  engine;  and  it  would  occupy  a  volume  to  give 
an  account  of  them,  whilst  that  account  would  do  no  more 
than  indulge  curiosity.  Our  engineers  by  profession  are 
in  general  miserably  deficient  in  that  accurate  knowledge 
of  mechanics  and  of  chemistry,  which  is  necessary  for  un- 
derstanding this  machine ;  and  we  have  not  heard  of  one 
in  this  kingdom  who  can  be  put  on  a  par  with  the  present 
patentees  in  this  respect.  Most  of  the  attempts  of  engineers 
have  been  made  with  the  humbler  view  of  availing  them- 
selves of  Mr  Watt's  discoveries,  so  as  to  construct  a  steam- 
engine  superior  to  Newcomen's,  and  yet  of  a  form  suffi- 
ciently different  from  Watt's  to  keep  it  without  the  reach  of 
his  patent.  This  they  have  in  general  accomplished  by 
performing  the  condensation  in  a  place  which,  with  a  little 


♦ ''Such  things  Kcre  in  agitation,  but  did  not  come  so  far. as  treating.  A 
considerable  engine  was,  howeYer,  erected  by  them  at  Mydrecbt  for  draining 
»  Urge  extent  of  country,  In  wbicb  it  vras  saccessful.*'  W. 
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feiretdi  of  fimcy^  not  unfrequent  in  a  court  of  law,  may  be 
called  part  of  the  cylinder. 

76.  The  success  of  most  of  these  attempts  has  interfered 
so  little  with  the  interest  of  the  patentees,  that  they  have  not 
hindered  the  erection  of  many  engines  which  the  law  would 
have  deemed  encroachments.  We  think  it  our  duty  to  giYC 
our  opinion  on  this  subject  without  reserve.  These  are 
most  expensive  undertakings,  and  few  employers  are  able 
to  judge  accurately  of  the  merits  of  a  project  presented  to 
them  by  an  ingenious  artist.  They  may  see  Uie  practica- 
bility of  the  scheme,  by  having  a  general  notion  of  the  ex* 
pansion  and  condensation  of  steam,  and  they  may  be  mis- 
led by  the  ingenuity  apparent  in  the  construction.  The 
engineer  himself  is  frequently  the  dupe  of  his  own  ingenuity; 
and  it  is  not  always  dishonesty,  but  frequently  ignorance^ 
which  makes  him  prefer  his  own  invention  or  (as  he  thinks 
it)  improvement.  It  is  a  most  delicate  engine  and  re- 
quires much  knowledge  to  see  what  does  and  what  does 
not  improve  its  performance.  We  have  gone  into  the  pre- 
ceding  minute  investigation  of  Mr  Watt's  progress,  with 
the  express  purpose  of  making  our  readers  fully  masters  of 
its  principles,  and  have  more  than  once  pointed  out  the 
real  improvements,  that  they  may  be  firmly  fixed  and  al- 
ways ready  in  the  mind.  By  having  recourse  to  them,  the 
reader  may  pronounce  with  confidence  on  the  merits  of  any 
new  construction^  and  will  not  be  deceived  by  the  puf&  of 
an  ignorant  or  dishonest  engineer.*  f 


*  Br  Hobisoti*s  account  of  Hornblower^s  engioc  has  been  omitted  bj  the 
Editor,  as  unsaitable  to  the  present  Work.  NotwithsUuding^tbe  great  inge- 
naity  evinced  by  Mr  Horablower  in  the  constraction  of  his  engine,  yet  it 
was  found  by  a  court  of  law  to  be  a  plagiarism  of  Mr  Watt's  inTention,  and 
on  thb  account  Mr  Watt  could  not  have  made  any  commentary  upon  it,  even, 
if  it  had  appeared  deserving  of  insertion.    Editor. 

t  '*  Several  of  my  improvements  mentioned  in  the  ^urse  of  this  essay  wcrcb 
with  other  contrivances  which  I  have  not  thought  it  necessary  to  enter  iM 
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77*  We  shall  conclude  our  account  of  this  noble  engine 
with  observing,  that  Mr  Watt's  form  suggesu  the  con* 


Uie  deAil  of,  made  the  objects  of  dbtinct  patents  snbsequeat  to.  that  of  1769, 
of  which  the  followiDg  notice  nay  here  suffice : 

Patent,  25th  Ociober  1781.  "  For  certain  new  Methods  of  applying  the 
Vibrating  or  Reciprocating  Motion  of  Steam  or  Fire-Engines  to  produce 
a  continued  Rotative  or  Circular  Mutioa  round  an  Axis  or  Centre,  and 
thereby  to  give  Motion  to  the  Wheels  of  Mills  or  other  Machines.** 

The  specification  dated  15th  February,  1788,  contains  a  description  of  fire 
different  contrivances  of  rotative  motions. 

Patent,  12th  March  1782.  "  For  certain  new  Improvements  upon  Steam 
or  Fire-Engine&  for  raising  Water,  and  other  Mechanical  Purposes,  and 
certain  new  Pieces  of  Mechanism  applicable  to  the  same  *' 

Tlie  specification,  dated  the  3d  July,  1782,  contains,  first.  The  eipansive 
•team-engine,  with  six  different  contnvances  for  equalising  the  power ;  se* 
cond,  the  double-power  steam-engine,  in  which  the  steam  is  alternately  ap- 
plied to  press  on  each  side  of  the  piston,  while  a  vacuum  is  formed  on  the 
other;  third,  a  new  compound  engine,  or  method  of  connecting  together  the 
cylinders  and  condensers  of  two  or  more  distinct  engines,  so  as  to  make  the 
•team  which  has  been  employed  to  press  on  the  piston  of  the  first,  act  ezpan* 
lively  upon  the  piston  of  the  second,  &c«,  and  thus  derive  an  additional 
power  to  act  either  alternately  or  conjointly  with  that  of  the  first  cylinder  ; 
fourth,  the  application  uf  toothed  racks  and  seotors  to  the  ends  of  the  piston 
or  pump-rods,  and  to  the  arches  of  the  workin^beams,  instead  of  chains ; 
fifth,  a  new  reciprocating  semi-rotative  engine,  and  a  new  rotative  engine  or 
steam-wheel. 

Patent,  28lh  April,  1784.  "  For  certain  new  Improvements  upon  Fire 
and  Steam-Engines,  and  upon  Machines  worked  or  moved  by  the  same." 

The  specification,  dated  the  if4th  August,  1784,  describes,  first,  A  new  ro- 
tative engine,  in  which  the  steam-vessel  tnros  upon  a  pivot,  and  is  placed  in 
a  dense  fluids  the  resistance  of  which  to  the  action  of  the  steam  causes  the 
rotative  motion ;  seconr).  Methods  of  causing  the  piston-rods,  pump-rods,  and 
other  parts  of  engines,  to  move  in  perpendicular  or  other  strai^t  lines,  and 
to  enable  the  engine  to  act  upon  the  working-beams  both  in  pushing  and 
pulling  :  This  is  now  called  the  ParaUd-Motion,  and  three  varieties  are  de* 
scribed;  third,  Improved  methods  of  applymg  the  steam  engine  to  work 
pumps,  or  other  alternating  machinery,  by  making  the  rods  balance  each 
other ;  fourth,  A  new  method  of  applying  the  power  of  steam-engines  to 
move  mills  which  have  many  wheete  required  to  move  round  in  concert ; 
fifth,  A  simplified  method  of  applying  the  power  of  steam-engines  to  the 
working  of  heavy  hammers  or  stampers ;  sixth,  A  new  construction  and  mode 
of  opening  the  valves,  and  an  improved  working-gear;  seventh^  A  portable 
•team-engine  and  machinery  for  mo^g  wheel-carriages. 
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fltrocdan  of  an  exceHent  air-pump.  A  large  vessel  may  be 
made  to  communicate  with  a  boiler  at  one  side,  and  with 
the  pump-recdver  on  the  other,  and  also  with  a  condenser* 
Suppose  this  vessel  of  ten  times  the  capacity  of  the  recei- 
ver ;  fill  it  with  steam  from  the  boiler,  and  drive  out  the 
air  £rom  it ;  then  open  its  communication  with  the  receiver 
and  the  condenser.  This  will  rarefy  the  air  of  the  receiver 
ten  times.  Repeating  the  operation  will  rarefy  it  100  times; 
the  third  operation  will  rarefy  it  1000  times;  the  fourth, 
lO^OOO  times,  &c.    All  this  may  be  done  in  half  a  minute. 


Patbiit  in  1785.  "  For  certain  newly  improved  Methods  of  constructing 
Faming i»  or  Fire  Places  for  Heating,  Boiling,  or  Evaporating  of  Water^ 
and  other  Liquids  which  are. applicable  to  Steam-Eogiiies  and  other  pur« 
poaes ;  and  also  for  Heating,  Melting,  aod  Smelting  of  Metals  and  their 
Ores,  wherebj  greater  effects  are  produced  from  the  Fuel,  and  the  Smoke 
11  in  great  measate  prevented  or  consumed.** 

it  dated  the  14th  June,  1785.    W. 


APPENDIX. 

MB  WATT. 


Db  Robisok*s  account  of  Mr  Wattfs  engines  terminatet 
here ;  but  it  seems  necessary  to  describe  and  eicplain  cer* 
tain  additions  to  them  which  he  has  either  very  slightly  no- 
tioed)  or  not  at  all^  though  they  existed  before  he  compo- 
sed the  preceding  dissertation ;  probably  they  were  omitted 
irom  his  not  having  had  an  opportunity  of  observing  them 
closely. 

The  first  is  the  Parallel  Motion,  which,  in  the  single  en- 
fpneSf  serves  in  place  of  chains,  and  in  the  double  engines^ 
supplies  the  place  of  the  rack  and  sector,  which  has  been  de- 
scribed in  art  68.  It  has  been  mentioned,  that  the  racks  and 
sectors  were  very  subject  to  wear,  and  that,  when  perfecty 
thqr  did  not  move  with  that  smoothness  that  was  wished ; 
and  to  chains  there  were  many  objections.  It  occurred  to 
Mr  Watt,  that  if  some  mechanism  could  be  devised  mo- 
ving upon  centres,  which  would  keep  the  piston-rods  per- 
pendicular, both  in  pushing  and  pulling,  that  a  smoother 
motion  would  be  attained ;  and,  in  all  probability,  that  the 
parts  would  be  less  subject  to  wear.  After  some  considera- 
tion, it  occurred,  that  if  two  levers  of  equal  lengths  were 
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placed  in  the  lame  Tertical  plane,  nearly  as  ihown  in  the 
following  diagram,  moreable  on  the  oentret  B  and  Q  and 
connected  by  a  rod  A  D,  the  point  E,  in  the  middleof  thai 
rod,  would  describe  nearly  a  straight  and  perpendicular 
line,  when  the  ends  A  and  D  of  the  levers,  and  of  that  rod, 
moved  in  the  segments  of  circles  FG,  and  IH,  provided 
the  arch  F6  did  not  moch  exceed  40  degrees,  and  conse* 
quendy  that  if  the  top  of  the  piston-rod  were  attached  to 
that  point  E^  it  would  be  guided  perpendicularly^  or  near- 
ly so. 


OB 


C» 


It  necessarily  fiAowed,  that  if  for  convenience  the  lever 
CD  (which  represents  what  he  called  the  regulating-radius) 
were  made  only  half  the  length  of  the  lever  AB,  (which  re* 
presents  the  half  length  or  radius  of  the  workin^beam)  a 
point  situated  at  cme-third  of  the  length  of  the  rod  AI^ 
finom  the  joint  A,  would  thenmove  in  a  perpendicular  line. 
Tliese  were  first  ideas,  but  the  parallel  motion  soon  was 
moulded  into  the  form  in  which  it  appears  in  all  Boulton 
and  Watt's  engines,  and  in  which  it  is  seen  in  the  annexed 
plate  of  the  second  engine  at  the  Albion  MilL  A  patent 
for  the  protection  of  this,  and  some  other  of  Mr  WaU's  in- 
ventions, passed  the  seals  in  April  1784»  but  the  invention 
was  made  in  the  latter  end  oi  1783. 


1S% 


imnATX^ 


rhrottle- 
ralre* 


A  seoond  article  oaftt^  to  be  deic1*ibedy  h  the  method 
bf  regidAdng  the  epeed  of  the  robitite  engine^  a  nmtter  os- 
iential  to  their  application  to  eotldni-spfaiQitig,  and  many 
other  manufiictories. 

It  is  performed  by  adniittii^  the  steam  into  the  cylinder 
iDore  or  less  freely,  by  means  of  what  ts  called  a  TJirottk- 
imhe^  which  is  oommcmly  a  circular  plate  of  metal  A^  ba- 
▼ii^  a  qpindle  B  fixed  across  iKb  diameter. 


This  plate  is  accurately  fitted  to  an  aperture  in  a  metal 
ring  CC»  of  some  thickness,  through  the  edgeway  of  which 
the  spindle  is  fitted  steam-tight,  and  the  ring  is  fixed  be- 
tween the  two  flancbes  of  the  joint  of  the  steam-pipe  which 
is  next  to  the  cylinder.  One  end  of  the  spindle,  which  has 
a  square  upon  it,  comes  through  the  ring,  and  has  a  span- 
ner fixed  upon  it,  by  which  it  can  be  turned  in  either  di- 
rection. 

When  the  valve  is  parallel  to  the  outsides  of  the  ring,  it 
shuts  the  opening  nearly  perfectly ;  but  when  its  plane  lies 
at  an  angle  to  the  ring,  it  admits  more  or  less  steam  accord- 
ing to  the  degree  it  has  opened }  consequ^tly  the  piston  Is 
acted  upon  witli  more  or  fess  force.  For  thany  purposes 
engines  are  thus  r^ulated  by  hand  at  the  pleasure  of  the 
attendant;  but  where  a  regular  velocity  is  required,  other 
means  must  be  applied  to  open  and  shut  it,  without  any  at- 
tention on  the  part  of  those  who  have  the  care  of  it.  For 
this  purpose  Mr  Watt  had  various  methods,  but  at  last  fix- 
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ed  upon  what  he  calk  the  Goeernar,  (shewn  at  W.  Plate  IV,  GoTcnoi 
and  VII.)  consisting  of  a  perpendicular  axis,  turned  bytha 
engine :  To  a  joint  near  the  top  of  this  axis  are  suspended 
two  iron  rods  carrying  heayy  balls  of  metal  at  their  lowe^ 
ends,  in  the  nature  of  pendulums.  When  this  axis  is  put 
in  motion  by  the  engine,  the  balls  recede  from  the  perpendi« 
cular  by  the  centrifugal  force^  and  by  means  of  a  combina* 
tion  of  levers  fixed  to  their  upper  end,  raise  the  end  of  a 
lever  which  acts  upon  the  spanner  of  the  throttle-valve,  and 
shuts  it  more  or  less  according  to  the  speed  of  the  engine 
■o  that  as  the  velocity  augments,  the  valve  is  shut,  until  the 
Kpeed  of  the  engine  and  the  opening  of  the  valve  come  to 
a  maximum  and  balance  each  other. 

The  application  of  the  centrifugal  principle  was  not  a  new 
invention^  but  had  been  applied  by  others  to  the  r^^ulatioil 
of  water  and  wind-mills,  and  other  things ;  but  Mr  Watt 
improved  the  mechanism  by  which  it  acted  upon  the  ma;* 
chines^  and  adapted  it  to  his  engines. 

From  the  beginning,  Mr  Watt  applied  a  gage  to  shewBarometc 
the  height  of  the  water  in  bis  little  boiler,  which  consisted  Jj[^^ 
of  a  glass  tube  communicating  at  the  tower  end  with  the 
water  in  the  boiler,  and  at  the  upper  end  with  the  steam 
contained  in  it.  This  gage  was  of  great  use  in  bis  experi- 
ments,  but  in  practice  other  methods  are  adopted.  He  has 
always  used  a  barometer  to  indicate  the  degree  of  exhaus- 
tion in  his  engines.  Sometimes  that  instrument  is,  as  usual, 
a  glass  tube  3.S  or  34  inches  long^  immersed  at  bottom  in 
a  cistern  of  mercury,  and  at  top  communicating  by  means 
of  a  small  pipe  and  cock  with  the  condenser.  The  oscilla- 
tions are  in  a  great  degree  prevented  by  throttling  the 
passage  for  the  steam  by  means  of  the  cock. 

But  as  glass  tubes  were  liable  to  be  broken  by  the  work- 
men, barometers  were  made  of  iron  tubes,  in  the  form  of 
inverted  syphons,  one  leg  about  half  the  length  of  the  other^     . 
to  the  upper  end  of  the  long  leg  a  pipe  and  cock  were  join^- 
tdy  which  communicated  with  the  condenser;  a  proper 
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cjuanti^  of  m^rcoiy  was  poured  into  the  short  I^  of  the  8jr« 
J^ooy  which  naturally  stood  level  in  the  iwo  legs :  A  light 
float  with  a  slender  stem  was  placed  in  the  short  I^  and  a 
scale  divided  into  half  inches  applied  to  it,  which  (as  by  the 
Ciihaustion  the  mercury  rose  as  much  in  the  Icmg  Iq;  as  it 
fell  in  the  short  one)  represented  inches  on  the  common  ba* 
zometer. 

The  steam-gage  is  a  short  glass  tube  with  its  lower  end 
immersed  in  a  cistern  of  mercury ,  which  is  placed  within  an 
iron  box  screwed  to  the  boiler  steam-pipe^  or  to  some  other 
part  ccmununicating  freely  with  the  steam»  which,  pressing 
on  the  surfiM^  of  the  mercury  in  the  cistern,  raises  the  mer- 
cury in  the  tubei  (which  is  c^ien  to  the  air  at  the  upper 
end)  and  its  altitude  serves  to  diow  the  dastic  power  of  the 
iteam  over  that  of  the  atmo^here* 

These  instruments  are  of  great  use  where  thqr  are  kept 
in  order,  in  shewing  the  siqperintendent  the  state  of  the  en- 
gine ;  but  slovenly  engine-tenders  are  but  too  apt  to  put 
them  out  of  order,  or  to  suffer  them  to  be  so.  It  u  the  tn- 
Undf  homeoer,  ofeoery  oomer  of  an  engine  to  see  that  they,  at 
wM  at  all  other  parti  of  the  engine,  are  kept  in  order. 
0  bdica*  1*he  barometer  being  adapted  only  to  ascertain  the  de- 
'*  gree  of  exhaustion  in^the  condenser  where  its  variations 

were  small,  the  vibrations  of  the  mercury  rendered  it  very 
difficult,  if  not  impracticable^  to  ascertain  the  state  of  the 
exhaustion  of  the  cylinder  at  the  different  periods  of  the 
stroke  of  the  engine ;  it  became  therefore  necessary  to  con* 
trive  an  instrument  for  that  purpose  that  should  be  less  sub- 
ject to  vibration,  and  should  show  nearly  the  d^ree  of  ex- 
haustion in  the  cylinder  at  all  periods.  The  following  in- 
strument, called  the  Indicator,  is  found  to  answer  the  end 
sufficiently.  A  cylinder  about  an  inch  diameter,  and  six 
inches  long,  exceedingly  truly  bored,  has  a  solid  piston  ac- 
curately fitted  to  it,  so  as  to  slide  easy  by  the  help  of  some 
oil ;  the  stem  of  the  piston  is  guided  in  the  direction  of  the 
axis  of  the  cylinder,  so  that  it  may  not  be  subject  to  jam  or 
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came  friction  in  any  part  of  its  motion.  The  bottom  ct 
this  cylinder  has  a  cock  and  small  pipe  joined  to  it,  which^ 
having  a  conical  end,  may  be  inserted  in  a  hole  drilled  ia 
the  cylinder  of  the  engine  near  one  of  the  ends,  so  that  bj 
evening  the  'small  cock^  a  communication  may  be  effected 
between  the  inside  of  the  cylinder  and  the  indicator. 

The  cylinder  of  the  indicator  is  &stened  upon  a  wooden 
or  metal  frames  more  than  twice  its  own  length;  one  end  of  * 
a  spiral  steel  spring,  like  that  of  a  spring  steelyard,  h  atr 
tached  to  the  upper  part  of  the  frame,  and  the  other  end  of 
the  spring  is  attached  to  the  upper  end  of  the  pirton-rod  of 
the  indicator.  The  spring  is  made  of  such  a  strenirth,  that 
when  the  cylinder  of  the  indicator  is  perfectly  exhausted,  the 
pressure  of  the  atmosphere  may  force  its  piston  down  within 
an  inch  of  its  bottom.  An  index  being  fixed  to  the  top  of  itil 
piston-rod,  the  point  where  it  stands,  when  quite  exhausted^ 
is  marked  from  an  observation  of  a  barometer  communioa« 
ting  with  the  same  exhausted  vessel,^  and  the  scale  divided 
accordingly. 

Mr  Watt  very  early  found  that,  although  mosi  kinds  of  pifton. 
grease  would  answer  when  employed  to  keep  the  piston  S*^**** 
tight,  yet  that  beef  or  mutton  tallow  were  the  most  proper, 
and  the  least  liable  to  decompose ;  but  when  cylinders  were 
new  and  imperfectly  bored,  the  grease  soon  disappearedt 
and  the  piston  was  left  dry  ;  he  therefore  endeavoured  to 
detain  it  by  thickening  it  with  some  substance  which  would 
lubricate  the  cylinder,  and  not  prove  decomposable  by  heat  ' 
and  exhaustion.     Black-lead  dust  seemed  a  proper  sub- 
stance, and  was  therefore  employed^  especially  when  a  cy* 
linder  or  the  packing  of  the  piston  was  new  ^  but  it  waa 
found  in  the  sequel  that  the  black-lead  wore  the  cylinder, 
though  slowly ;  and  by  more  perfect  workmanship,  cylin- 
ders are  made  so  true  as  not  to  require  it,  or  at  least  only 
ibr  a  very  short  time  at  first  using. 

The  joints  of  the  cylinder,  and  other  parts  of  NewcoN  ^"J" 
men's  engines,  were  generally  made  tight  by  being  screwed  j^^^f^ 
together  upon  rings  of  lead  covered  with  glaziers'  putty, 
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metbod  wfts  siiQcient,  as  the  entry  of  small  quanti- 
ties  of  air  did  not  materiany  a£fect  the  working  of  these  en<- 
gfaies  where  only  a  very  imperfiect  exhaustion  was  required* 
Bat  the  contrary  being  the  case  in  the  improved  engines, 
|)iis  method  would  not  answer  Mr  Watt*s  purpose.  He  at 
first  made  his  joints  very  true,  and  screwed  them  together 
upon  pasteboardf  softmied  by  soaking  in  water,  which  an- 
fwered  tolerably  well  fiwr  a  time^  but  was  not  sufficiently  do* 
xabW.  He  therefore  endeavoured  to  find  out  some  more  last* 
ing  substance ;  and  observing  that  at  the  iron  fonnderies  they 
^led  up  flaws  by  iron  borings  or  filings,  moistened  by 
urive,  which  m  time  became  hard,  he  improved  upon  this 
by  mixing  the  iron  borings  or  filings  with  a  small  quantity 
fif  Bolphur,  and  9  little  sdammoniac,  to  which  he  afterwards 
idded  some  fine  sand  firom  the  grindstone  troughs.  This 
mixtare,  bdn^  moistened  with  water  and  spread  up<m  the 
joint,  heats  soon  after  it  is  screwed  together^  becomes  hard, 
fmd  remains  good  and  tight  fiir  years,  which  has  oontribu* 
led  in  no  small  degree  to  the  perfection  of  the  engines. 

Mr  Mnrdockj  much  about  the  same  time^  without  oom- 
munication  with  Mr  Watt,  made  a  cement  ol'  iron  l>orings 
and  salammoniac,  without  the  sulphur.  But  the  latter  gives 
the  valuable  property  of  making*  the  cetnent  set  immedi- 
ately. 

The  act  of  parliament  extending  Mr  Watt's  exclusive 
privilege  for  the  ippcovements  secured  to  him  by  his  first 
patent,  expired  in  180(V  at  which  period  be  retired  from 
business,  having  for  some  j  ears  b^re  ceased  to  take  an 
a/ctive  part.  Previous  to  that  time,  Messrs  Boulton  and 
Watt,  juniors,  had  been  received  into  the  partnership,  and 
had  erected  extensive  works,  with  improved  machinery,  for 
the  mann&cture  of  steam-engines;  and,  since  the  death  of 
Mr  BouHoi^  this  conccm-'has  been  carried  on  by  them,  in 
conjunction  with  Mr  Southern  and  Mr  Murdock.  Under 
their  management,  considerable  improvements  have  been 
mide  in  the  execution  ot  tb»  engines,  and  some  tdvanta- 
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geous  alterations  have  been  adopted  in  the  inbordinate  me- 
chanism  and  general  construction ;  the  use  of  wood  has 
been  discontinued,  and  iron,  or,  in  the  fixed  part%  stone^ 
or  brick-work,  substituted  in  its  place;  and  numbers  of  ex- 
pert workmen  have  been  trained,  so  that  the  engines  an 
now  executed  with  a  degree  of  perfection  equallinj^  if  not 
surpassing,  the  imprpyements  which  the  increased  wealth 
and  commerce  of  the  country  have  called  forth  in  almoit 
every  other  art  and  manufacture* 


LETTER 

FROM. 

MR  SOUTHERN  TO  MR  WATT-* 


Dear  Siiit 

J.  HE  experiments,  of  which  the  particular  circumstances 
are  hereafter  related,  were  made  in  1803,  with  the  view  of 
ascertaining,  chiefly,  the  density  of  steam  raised  from  wa- 
ter under  different  pressures  above  that  of  the  atmosphere, 
an  apparatus  having  then  been  made  for  a  different  pur- 
pose^ which  seemed  pretty  well  adapted  to  this  object^  as  it 
did  equally  so  to  that  of  ascertaining  the  latent  heat  of 
steam. 

It  may  be  premised,  that  the  thermometers  employed  in 
all  the  experiments  which  will  be  now  related,  were  made 
and  graduated  with  the  greatest  care,  the  tubes  having  been 
accurately  measured  as  to  the  proportional  capacity  of 
their  different  parts,  the  boiling  pomt  of  each  ascertained. 


In  all  the  experiments  of  which  an  account  it  giren  in  this  letter,  Mr 
wwtbcrn  was  assisted  by  Mr  WiUiam  Creighton. 
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according  to  the  rules  prescribed  by  a  committee  of  the 
Boyal  Society^  in  17779  (viz.  the  bulbs  and  tubes  being  in 
steam  vrh&k  the  barometer  stood  at  29*8  inches^  this  de- 
gree of  temperature  being  called  212^,)  and  in  all  cases  the 
bulb  and  the  tube,  as  high  as  the  mercury  ascended  in  it^ 
were  kept  in  the  steam  or  the  i^ater  whose  temperature 
was  to  be  noted.  This  latter  circumstance  was  effected  in 
the  case  of  steam^  by  sliding  the  tube  of  the  thermometer 
through  a  stufBng-box»  or  collar^  made  tight,  till  the  mer* 
Goiy  in  it  could  just  be  seen  above  it.  The  tube  had  known 
maxjfs  on  it,  from  which  measurements  were  taken  to  the 
m/^rfiurjf  and  thence  the  temperature  known. 

The  quantity  of  steam  was  measured  by  filling  a  cylinder 
with  it,  (inclosed  in  the  steam,)  whose  diameter  was  about 
9*16  inches,  and  driving  it  out  by  the  motion  of  a  piston, 
which  had  18  inches  stroke  r^ulated  by  the  rotation  of  a 
crank.  The  solid  contents  of  the  piston-rod^  which  was  0.S6 
inches  diameter,  diminished  the  contents  of  the  cylinder^ 
leaving  the  quantity  discharged  each  stroke  by  the  motion 
of  the  piston,  very  nearly  150.7  cubic  inches;  but  as  the 
pistpn  did  not  rise  high  enough  to  touch  the  top  that  clo- 
sed the  cylinder,  and  there  was  also  unavoidably  a  space 
|3^ween  the  valve  and  the  cylinder,  these  spaces  together 
were  computed  to  equal  1.7  cubic  inches.  Of  course^  had 
ibe  elasticity  of  the  steam  been  just  equal  to  that  of  the  at- 
inosphere^  no  addition  to  the  180.7  cubic  inches  would 
froea  to  be  made ;  but  as  in  the  three  successive  experi- 
ments it  was  about  J,  |,  and  |  greater,  these  proportions 
of  the  spaces  would  escape  when  the  valve  was  open  that 
allowed  the  discharge  of  the  steam  to  be  made  into  the  at- 
moiphere,  and  must  therefore  be  added  respectively  to  the 
contents  ditchaiged  by  the  motion  of  the  piston. 

These  additional  quantities  are  1.7  X  ^  s57 ;  1.7  X  f  = 
2.83  r  and  1.7  X  1=5.1;  which,  added  to  130.7>  gives 
ldl.£7  in  the  first  experiment ;  ]S3.5'3  inf  the  second,  and 
185.8  in  the  third,  for  the  quantity  of  steaiii  discharged  at 
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each  itroke  of  tlie  piaton ;  snd  therdbre  the  namber  of 
Btroks§  which  would  discharge  one  cubic  foot  in  each  of  Uie 
three  experiments,  would  be  ]3.l64i  12.941,  and  IS. 734, 
reapectively. 

The  steam  was  condacted  from  the  cylinder,  after  pass- 
log  the  valve,  by  meant  of  aa  iron  pipe  attached  to  a  small 
copper  one^  having  its  end  bent  down,  and  Immersed  a 
short  depth  into  a  cistem  of  water.  Tbc  cistern  was  made 
of  fir-wood,  and  painted  inside  and  outside  with  white 
paint;  was  about  30  inches  square  and  S6  inches  deep; 
and  the  quantity  of  water  in  it  was  ascertuned  by  wdgfaing 
it,  as  was  also  the  accession  to  it  by  the  condensed  steam. 

The  elasticity  of  the  steam  was  ascertained  by  measuring 
ID  actual  column  of  mercury  which  it  supported ;  and  the 
number  of  strokes  was  ascertained  by  a  machine  called  a 


The  following  table  amtunt  the  principal  &cta  of  these 
experiment!. 
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If  the  whole  number  of  strokes  in  each  experiment  be  di- 
vided by  the  number,  found  as  above,  that  were  required 
to  discharge  one  cubic  foot  of  steam,  the  whole  number  of 
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tabic  feet  of  steam  discharged  in  each  experiment  wUl  be 
given ;   viz.  5154  -5-  13.164  =  891.53  ;  12434  -^  12.941  = 
188.09;    iaftd    1599 -M2.724  =  125.66;   the  quantity  of 
steam  formed  and  discharged  in  the  first,  second,  and  third 
escperimcnts  respectively,  in  cubic  feet 

If  the  wdght  of  water  gamed  by  the  condensation  of 
steam  in  each  experiment,  be  multiplied  by  27.65,  the  num- 
ber of  cubic  inches  of  water  in  a  pound  weight,  and  divided 
by  the  number  of  cubic  feet  of  steam  which  were  conden- 
sed, the  quotient  will  give  the  portion  of  water,  in  cubic 
inches,  required  by  eath  cubic  foot  of  steam  for  its  forma- 
tion *,  and  hence  also  the  comparative  density. 
Thus  20.25X27.65^391.58=1.4301  inches  of  water  to 
20.00X27.65 -7-188.09= 2.940 1  form  each  cubic 
19.45  X  27.65  -T- 125.66 = 4.279  J      foot  of  steam ; 

f   40.001 
and  these  numbct^  are  proportional  to  }  82.24  >  the  rela- 

0 19.703 

live  densities,  while  the  ebusticities  were  as  <    80  >     .*^  " 

These  results  appear  to  support  the  conclusion  that  the 
density  of  tteam  is  nearly,  if  not  accurately^  proportional  to  it$ 
elasticity ;  at  least  this  may  be  affirmed  of  it  within  the  li- 
mits of  these  experiments. 

From  the  above  experiments  may  be  calculated  the  la- 
tent heat  of  steam  developed  in  the  three  cases  ;  for  if  the 
weight  of  the  water  which  received  the  augment  of  heat,  be 
multiplied  by  the  nunjber  of  degrees  of  temperature  com- 
municated to  it^  and  if  this  product  be  divided  by  the  ac- 
cession of  weight  to  the  water,  (which  only  could  have  com- 
municated the  accession  of  temperature)  it  is  evident  that 
the  quotient  will  give  the  temperature  whicli  the  steam  lost ; 
and  if  to  this  be  added  the  temperature  which  it  retained^ 
(viz,  that  of  the  water  in  the  cistern  at  the  conclusion  of  the 

» 
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experiment)  a  number  will  be  obtained  shewing  the  whole 
heat,  or  the  sum  of  the  latent  and  sensible  heat  of  the 
steam.  Hence,  by  substracting  the  sensible  heat  of  the 
steam  from  this  sum,  the  latent  heat  will  be  found.    That 

is,  col  5  X  col.  9     ^j^  8  =  the  sum  of  the  latent  and 

col.  7 
sensible  heat ;  or,  ' 

if  W  =  weight  of  cold  water,  T  =  its  temperature 
w  =  accession  of  water  by  the  condensed  steam, 
t  =  the  temperature  of  warm  water,  and 
X  ==  the  sum  of  the  latent  and  sensible  heat  of  the 
steam  condensed. 

W+ir. /— WT 

- — sx, 

w 

Either  of  these  equations  will  be  found  ta  give  in  the 

three  experiments  1 157^,  1244%  And  1^6%  &om  which  sub- 

stract  the  numbers,  col.  xi.  2£9j  270^,  and  295%  and  there 
remain    -    -    .    -    -      928%  974%  and  861%  the  latent 

heat. 

Three  other  experiments  were  instituted  with  the  inten- 
tion of  ascertaining  the  latent  heat  of  steam  under  the  three 
same  degrees  of  elasticity,  viz.  equal  to  the  support  of  40, 
80,  and  120  inches  of  mercury.  The  steam  was  raised  or 
generated  in  the  same  boiler  used  in  the  previous  experi- 
ments, and  from  the  end  of  a  cast-iron  pipe  of  1}  inch  di- 
ameter which  united  with  it,  a  small  copper  pipe  was  ta- 
ken (its  diameter  about  |  inch)  and  bent  down  so  that  its 
end  could  conveniently  be  immersed  an  inch  or  two  under 
the  surface  of  water.  The  end  of  this  pipe  was  closed  by  a 
thin  disk  of  copper,  in  which  a  circular  hole  was  made  j^g^ 
of  an  inch  diameter,  through  whicb  the  steam  from  the 
boiler  was  blown  into  the  cold  water*  The  water  which  re- 
ceived the  heat  was  contained  in  a  tinned  iron  vessel  that 
weighed  8.77  lbs.,  and  its  capacity  for  heat  may  therefore 
be  called  equivalent  to  Jib.  of  water.  In  each  of  the  expe- 
riments, the  water  employed  to  receive  the  steam  weighed 


fSIb.,  to  wfiich,  in  the  feDoving  tablet  reconjing  the  prin- 
.cipd  Acts,  h  added  this  Jib.,  in  lien  of  the  vessel. 
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If  cither  of  the  equations  above  be  applied  here  to  the 
&ct8  noted  )□  this  tabl^  the  sum  of  the  latent  and  lentible 
heat  win  come  out  1119%  1 190°  and  1228°;  and  the  latent 
heat  890°,  920°,  and  933°.  It  was  observed,  however,  thitf 
the  tin  vessel  lost  heat  to  the  surrounding  air  vcr^  scnaiblyi 
and  an  experim^t  was  made  to  determine  the  amount  of 
this  ^ect ;  and  it  was  found  wheo  the  contained  water  was 
at  80%  1°  was  lost  in  live  minutes;  when  atGO°,  1°  was  lost 
in  10|  minutes;  it  would  therefore  probably  lose  1°  in  8 
niiDutes  during  the  time  of  an  experiment,  the  mean  tem- 
perature b«ng  about  65° ;  and  as  the  excess  of  temperature 
at  the  beginning  and  end  of  an  experiment  above  that  of 
the  air  was  nearly  the  same  in  all  thre^  the  loss  would 
be  neitrly  proportional  to  the  duration  of  each.  Henc^  to 
the  acquired  beat  should  be  added,  in  the  first  experiment, 
]{°}  in  the  second,  j°;  and,  in  the  third,  1° ;  being  seve- 
rally pn^rtional  to  the  smd  duration.  These  being  re- 
qiectiTely  added  to  the  temperatures  in  columns  V.  and 
yi.,  give  in  the  formet  81|°,  82°  and  81^° ;  and,  in  the 
latter,  S»S%  3V  and  $3|°;  and  if  ather  of  these  sets  of 
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numbers  be  used  in  the  calculation,  according  as.  one  or  the 
other  of  the  equations  is  adopted  to  develope  the  results^ 
they  will  be  found  to  be  117 1^  1^12^  and  1245^  for  the 
sums  of  the  latent  and  sensible  heat ;  and  consequently  the 
latent  heat  in  each  experiment  will  be  94f2%  942^  and  950\ 
It  may  be  remarked,  that  no  allowance  was  made,  in  cal- 
culating from  the  former  experin^ents,  for  the  heat  which 
would  be  taken  by  the  cistern,  but  which  in  the  first  of 
them,  lasting  two  hours,  would  probably  be  very  sensible^ 
and  may  account  for  the  principal  part  of  the  deficiency  of 
latent  heat  brought  out  by  the  calculation  firom  that  experi- 
ment, in  comparison  with  that  from  the  two  succeeding 
ones* 


The  opinion  which  I  entertain  from  these  experiments  aa 
to  the  latent  heat  of  steam  is,  that  it  is  a  constant  quantity, 
and  perhaps  this  opinion  obtains  support  from  the  modern 
discoveries  of  definite  proportions.  But  it  is  necessary, 
however,  to  explain  the  limitation  with  which  I  here  use 
this  term,  <<  constant  quantify.^'  It  is  well  known  that  if 
common  air  be  expanded,  cold  is  produced  j*  and  it  must 
therefore  happen^  that  if  a  given  quantity  of  it  at  a  given 
temperature,  could  be  gradually  expanded,  and  as  it  was 
so  expanded,  gradually  supplied  with  heat,  so  as  to  keep  the 


*  An  opportanitj  occurred  to  me  some  years  back,  which  enabled  me  to 
dctermiDCj  with  tolerable  precision,  the  degree  of  cold  produced  by  the  «x» 
pansioa  of  commoa  air  from  the  bulk  of  two  to  three,  which  I  found  to  be  19°. 


Ik. 
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temperatare  unaltered,  this  supply  of  heat  would  become 
latent ;  the  thermometer  would  not  shew  it.  It  is  probable^ 
both  from  analogy  and  experiment,  that  this  effect  takes 
place  in  the  expansion  of  steam.  It  is  not  qfthupart  of  its 
heat,  though  latent^  and,  in  the  experiments  above  related, 
undistinguishable^  that  I  would  be  understood  to  speak 
when  I  state  my  opinion  to  be  as  just  mentioned ;  but  it  is 
of  that  which,  when  water  alters  its  state  to  that  of  an  elas- 
tic fluid,  becomes  essential  to  it  in  every  degree  of  elasticity, 
besides  that  which  belongs  to  its  expanded  state.  This  la^ 
ter  may  be  called  the  latent  heat  of  expandon^*  wbil^  th^ 
other  may  perhaps  properly  be  called  constitutionaL 

Allow  me  here  to  illustrate  hypothetically  this  matter  i 
K  this  essential  or  constitational  part  of  latent  heat  be 
added  to  water  having  the  necessary  portion  of  sensible 
heat,  and  perfectly  confined  in  a  close  vessel,  I  omceive 
the  water  \rould  be  in  the  state  of  an  elastic  fluid ;  would  in 
fact  be  steam,  as  dense  as  water;  (possibly  compressible 
and  capable  of  greater  density)  and  would  then  require  no 
latent  heat  of  expansion ;  but  if  the  containing  vessel  be 
now  conceived  to  expand,  for  instance  into  double  the 
space,  I  then  imagine  it  would  require  some  addition  of 
heat  during  this  expansion  to  maintain  its  proportional 
elasticity.  It  must  be  observed,  however,  that  while  this 
expansion  was  calling  for  more  latent  heat,  the  sensible 
heat  necessary  for  the  diminishing  elasticity  would  be  less- 
ening; but  it  does  not  follow  that  these  quantities  should 
necessarily  balance  each  other.f 

When  this  fluid,  steam,  is  raised  in  low  temperatures, 
and  of  course  under  a  low  degree  of  elasticity,  it  obtains 


*  I  hava  no  Tiew  here  to  any  sabst^nces  not  having  the  natural  poorer  of 
eipanfion,  ai  water,  ice,  &c.    J.  S. 

t  I  have,  for  very  mauy  yean,  entertained  a  similar  hypothesis ;  but  I 
know  of  no  experiment  whereby  the  truth  of  it  can  be  demonstrated  ooncli)^ . 
Wfcly."    W. 
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fhmi  its  source,  at  the  same  instant,  hot  only  the  cohstita- 
tional  part  of  its  latent  heat,  hot  abo  that  ot  expansion, 
and  thus  the  two  kinds  are  confounded ;  andj  ib  experi- 
ments where  they  are  developed  by  total  condensation,  are 
only  to  be  detected  together  in  sum ;  and  it  may  be  that 
this  sum,  together  with  the  sensible  heat,  in  different  states 
of  elasticity^  may  make  a  constant  quantity ;  but^  if  the 
latent  heat  of  expansion  from  a  denser  to  a  rarer  state,  be 
greater  than  the  diminution  of  the  sensible  heat  necessary 
only  for  the  latter,  the  sum  of  the  sensible  and  total  latent 
heat  wiD  be  more  in  steam  raised  in  low  temperatures  than 
in  high  ones,  which  the  result  of  your  experiments  made  in 
Idnt^  temperatures  seems  to  countenance. 

tn  all  that  I  have  said  above,  when  speaking  of  steam,  I 
iiave  always  intended  that  fluid  in  the  state  in  which  it  is 
Hused  from  water^  viz.  saturated  therewith  $  but  undoubt- 
edly this  fluid,  after  it  is  so  raised  under  any  temperature 
and  being  clear  frt>m  any  additional  accession  of  water, 
may  be  heated  above  that  temperature^  and  cooled  down  to 
it  again  with  changes  of  elasticity  corresponding  to  those 
of  temperature ;  like  as  common  air  may  be,  without  lirai- 
tation  of  temperature,  as  far  a^  is  known.  This^  however, 
is  a  view  of  the  subject  which  has  been  totally  excluded. 


Besides  the  experiments  first  related,  in  which  the  tem- 
perature of  steam  raised  under  high  pressures  was  observed, 
others  had  been  made  some  years  before  (in  1797  and  8) 
for  that  purpose  only ;  and  as  they  were  made  with  the 
greatest  circumspection,  both  the  manner  of  making  them 
and  their  results  may  be  here  described,  as  may  also  the 
results  of  other  experiments,  made  with  equal  care,  to 
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ascertain  the  temperatore  of  steam  raised  under  low  pres- 
sures* 

The  instrument  used  in  the  former  was  a  Papin's  digest- 
etf  similar  to  what  you  had  used  in  your  original  experi- 
mentsy  and  to  that  described  in  the  **  Encydopsedia  Uri- 
tannica,''  art.  Steamf  No.  €£»  the  leading  differences  being 
in  adapting  a  metaQic  tube  to  it  to  contain  the  thermome- 
ter, or  rather  as  much  of  it  as  contained  mercury,  in  the 
manner  menticmed  in  the  beginning  of  this  letter,  and  in- 
stead of  a  yalve»  by  the  load  on  which  to  measure  the 
elasticiQr  of  the  contained  steam,  a  nicely  bored  cylinder 
was  applied,  with  a  piston  fitting  it,  so  as  to  have  very 
little  fiicUon,  and  to  the  rod  of  this  was  applied  a  lever^ 
constructed  to  work  on  edges  like  those  of  a  scale-beam*  by 
which  the  resistance  against  the  elastic  force  of  the  steam 
could  be  accurately  determined ;  and  at  your  suggestion, 
to  be  assured  that  no  inaccuracy  had  crept  into  the  calcu- 
lation, by  which  this  resbtance  through  the  medium  of  the 
lever  was  ascertained,  an  actual  column  of  mercury  of  SO 
inches  high  was  substituted,  and  the  correspondence  was 
found  to  be  within  j^jf  of  an  inch. 

The  observations  at  each  of  the  points  of  pressure  noted 
were  continued  some  minutes,  the  temperature  at  each  be- 
ing alternately  raised  and  lowered,  so  as  to  make  the  pres- 
sure of  the  steam  on  the  under  side  of  the  piston  alter- 
nately  too  much  and  too  little  for  the  weight  with  which  it 
was  loaded  $  and  thence  a  mean  temperature  was  adopted, 
the  extremes  of  which  wer^  as  weU  as  I  now  recollect,  not 
more  than  half  a  d^ee  on  each  side  of  it.  The  load  on  the 
piston,  including  its  own  weight,  &c.  &c«  was  calculated  to 
be  successively  just  equal  to  1,  2,  4,  and  8  atmospheres  of 
89*8  inches  of  mercury  each,  and  the  temperature  of  the 
steam  was  varied  as  above  till  that  of  each  point  was  detefr 
mined;  the  results  were  thus. 


V. 
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Atmospheres. 

Pressure  in 
Inches  of 
Mercuy* 

Tempera- 
tures. 

1 
2 

4 
8 

29..8 

59..6 

119..2 

238o4 

212^ 
250.3 
293.4 
343.6 

.•^vi 


The  experiments  for  ascertaining  the  temperature  of 
steam  below  the  atmospheric  pressure  were  made  with  an 
apparatus  essentially  similar  to  that  which  you  originally 
used,  and  with  scrupulous  care  and  attention :  and  I  met 
with  the  same  incidents  as  you  had  done:  such  as,  the  pro- 
duction of  a  bubble  of  air  whenever,  after  any  experiment, 
the  tube  was  inclined  to  refill  the  ball ;  and  also  the  extra- 
ordinary suspension  of  a  column  of  mercury  of  35  inches 
Tertical  height^  and  of  7  inches  of  water  above  that,  al- 
though the  counterpoise  was  only  that  of  the  atmosphere, 
then  under  30  inches.  I  found  also  that  the  tube  required 
a  considerable  degree  of  tabouring  or  shaking  to  make  the 
column  subside  and  leave  a  space  in  the  ball.  This  phe- 
nomenon was  not  produced  till  after  much  pains  taken  in 
inverting  and  re-inverting  the  tube  again  and  again,  nor 
till  it  had  been  suffered,  after  these  operations,  to  stand  for 
three  or  four  days  undisturbed  in  the  exhausting  position, 
and  then  discharging  the  air  that  had  been  accumulating 
|n  the  interval. 

The  results,  to  be  found  in  the  table  below,  were  de- 
duced from  the  observations  as  you  had  done,  viz.  by  add- 
ing to  the  height  of  the  column  of  mercury  in  the  tube 
(ascertained  by  a  gauge  floating  on  the  ^urfece  of  the  mer- 
cury in  the  basin,)  that  of  the  water  above  it,  or  rather  of 
fUi  equivalent  column  of  mercury,  and  substracting  their 
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sum  from  the  height  of  the  common  barometer  at  the  time. 
All  these  results  were  taken  from  observations  macle  after 
the  apparatus  had  been  so  perfectly  exhausted  of  air  as  to 
produce  the  phenomenon  just  mentioned. 
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6.00 

6.14 

6J06 

82 

1.03 

1.02 

1.02 

1.02 

152 

7.86 

7.80 

7.89 

7.85 

92 

1.42 

1.41 

1.42 

1.42 

162 

9.98 

9.96 

10.04 

9.99 

102 

1.98  t  1.92 

1^5 

1.95 

,172 

12J54 

12.72 

12.67  112.64 

112 

2.67     2.63 

1 

2J66 

2.65 

• 

182 

16.01 

15.84 

15.88 15.91 

, 

The  following  formula  will  be  found  to  give  the  elasticity 

b^OQging  to  a  given  temperature,  and  vice  vena^  with  a 

Bufficient  degree  of  accuracy  for  most  purposes^  within  the 

range  of  the  experiments,  at  least,  from  which  they  have 

been  formed. 

X^et  t  =  temperature,  e  =  elasticity,  in  inches  of  mercury; 

T  =  t+5%  and  E=e— -1-,  m= 94250,000000: 


M4 


Then 


m 

5.14 


=E 


-/Em=T. 
But  as  the  calculation  is  most  easily  performed  by  loga- 
rithms, let  L  signify  the  logarithm  of  the  quanti^  to  wUdk 
U  is  prefixed : 

Then    5.14  LT— 10.97427 =LE 

LE+ 10.97427     TT- 
5^4 -^^- 
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The  following  table  shows  the  observed  ehsticities^  Uu>8e 
derived  firom  calcalation  by  the  formula,  and  the  differences 
of  the  two,  which  appear  to  me  to  be  as  small  as  can  be 
expected,  taking  a  general  view. 


1^ 


52 

42 

52 

62 

72 

82 

92 

102 

112 

122 

1S2 


In. 


0^2 
0.73 
1.02 
1.42 
1.95 
2.65 
S.57 
4^8 


I- 
2m 


In. 

ai8 

0.25 
0.S5 
0^ 
0.71 
1.01 
1.42 
1.96 
2.67 
S.58 
4.74 


i 


In. 


1.02 
—0.02 
--0.01 
0.00 
+0J01 
+0.02 
+0.01 
+0.06 


i — ^ 


fi 


142 

!S 

172 

182 

192 

202 

212 

250.3 

299^ 

848.6 


t,^ 


I 


•3 


6.06 

145 

9.99 

12.^ 

154)1 


29^0 
59.60 
^lia20 
238«40 


3 


In. 

6.20 
7.99 

iai9 

12.86 
16.08 
19.91 
24.45 
29.80 
59.69 
118412 
237.60 


In. 


+0.14 
+•.14 
+0.20 
+0.22 

+ai7 


OJQO 
+0.09 
— a88 
1.80 


I  believe  it  is  now  generally  considered  that  the  tempe- 
rature 212^  is  that  of  water  boiling  when  the  barometer  is 
at  SO  inches  instead  of  29.8 ;  and  if  in  the  above  algebraic 
expressions  the  following  alterations  be  made,  the  results 
from  the  formulae  will  correspond  with  the  adjustment  of 
that  point,  and  fully  as  well  with  the  experiments  gene- 
xally. 

Let  Ts:/  +  51.S$  the  index  of  the  power  and  of  the 
root  be  5. 1 3,  instead  of  5. 1 4 ;  and  w = 87344,000000.  So 
the  two  last  equations  will  be :  5.13  LT— 10.94123 =LE  ; 
fad  il+iO:94l23_ 

6.13  ""     *• 
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lie  table  wiU  stand  as  follows,  supposing  the  thermo- 
meter had  been  graduated  for  212^  to  correspond  with  50 
inches  of  the  barometer : 


h 


o 

S2 

62 

7« 

82 

92 

102 

112 

122 

1S2 


In. 

•0-16 
*0.29 
•0.55 
0^2 
0.75 
1.02 
1.42 
IM 
2J6e 
SM 
4-71 


la. 

0.18 
0^ 
035 
0.50 
0.71 
IJOI 
1.42 

1.97 
2.68 
5.60 
4.76 


la. 

+0J02 
+0.02 

0.00 
—0.02 
— 0X)1 
— 0/)l 

OM 
4-0.01 
+0J02 
+0.02 
+0.05 


h 


142 

152 

162 

172 

182 

192 

202 

212 

550.5 

295.4 

545.6 


In. 

6.10 

7^ 
I0i)5 
12.72 
16.01 

.  •  • 

50.00 

60.00 

120.00 

1240.00 


In. 

6.22 

8.05 

10.25 

12.94 

16.17 

20.04 

24.61 

50.00 

60.11 

119.17 

1259.28 


In. 


+0.12 
-1^^.15 

+a2o 

+0.22 

+ai6 


0.00 

+aji 

—0.85 


.72 


I  remain^  with  the  greatest  esteem  and  respect^ 

Dear  Sir, 
Your  very  obedient  Servantf 


OMilh  96th  March,  1814. 


John  Southern. 


To  James  Watt,  Esq.  Heathfield. 


*  Tbeie  are  inserted  from  nameroui  eiperimenti  made  by  Mr  W,  Creighton. 
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P.  S.  Some  circumstances  which  occurred  in  the  pef^ 
formance  of  the  experiments  (made  in  1797  and  1798)  of 
irhich  the  results  are  last  related^  suggested  the  trials  of  a 
mixture  of  air  with  the  steam;  and  I  made  a  few,  not  in-* 
deed  with  the  greatest  nicety,  but  as  they  furnished  a  strong 
probability  that  the  following  law  of  elasticity  of  a  given 
mixture  was  either  nearly  or  accurately  correct,  it  may  be 
of  use  to  say,  that  the  apparatus  used  in  the  steam  experi- 
ments being  prepared  as  if  for  a  repetition  of  them,  and  as 
perfectly  exhausted  of  air  as  for  them^  a  known  measure  of 
common  air  was  sent  up  the  tube  through  the  mercury  and 
water,  and  took  its  place  in  the  ball;  the  water  surround- 
ing which  was  heated,  and  its  temperature  observed  at  dif- 
ferent periods  as  before ;  and  indeed  the  process  was  pre- 
cisely the  same  as  the  former,  with  the  additional  notice  of 
the  space  in  the  ball  occupied  by  the  expanded  air  and 
steam  jointly*  This  process  was  repeated  three  or  four 
times  with  different  quantities  of  air,  but  the  notes  not 
being  preserved,  I  can  only  now  mention  the  conclusion 
they  induced  me  to  form  as  to  the  law  above  mentioned, 
viz.  that  whatever  the  elastic  force  of  the  air  admitted  would 
be  in  its  expanded  state,  supposing  it  dry  and  to  occupy 
the  whole  empty  space  in  the  ball  (not  occupied  by  water), 
after  adding  for  the  increase  of  its  elasticity  by  the  increase 
of  temperature,  it  was  yet  to  be  augmented  by  the  elas- 
ticity which  steam  alone  of  the  same  temperature  would 
possess,  to  give  the  elasticity  of  the  mixture. 
Let  b  =  bulk  of  air  introduced  into  the  ball,  measured  be- 
fore its  introduction. 
A=its  elasticity  (expressed  in  inches  of  mercury,  or 

the  height  of  the  common  barometer). 
13  =  bulk  occupied  by  it  jointly  with  the  steam  in  the 
ball,  when  their  common  temperature,  governed 
by  that  of  the  water  in  the  pan,  is  L 
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1 :  f= ratio  of  dasticity  which  the  air  had  before  in- 
troduction to  what  it  would  have  by  augmenting 
its  temperature  to  t;  or,  which  is  nearly  the 
same^  the  ratio  of  expansion  of  air  by  the  aug- 
ment of  temperature  to  /,  when  under  the  same 
pressure. 

£= pillar  of  mercury  (in  inches)  which  steam  of  the 

temperature  t  would  support: 

2  bA 
Then  E  -f — rr—spillar  of  mercury  (in  inches)  which  would 

be  supported  by  the  elasticity  of  the  mixture  at 

the  temperature  t. 
Exampk.  Suppose  6  =  ^  cubic  inch;  A  =  30  inches; 
#=  102^  10  to  1 1 J  ratio  of  elasticity  of  air  at  the  tempera* 
tare  at  which  it  was  introduced  to  what  it  would  possess  at 
10@,  contequently  2=:L1;  B=6  inches,  and  E  (by  the 
table)  1.95.  Then  1.95+^  XSOX  M-i-6r=4.70  for  elas- 
tidty  of  the  mixture^  or  column  of  mercury  it  would  iiup- 
port. 
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REFERENCE  TO  THE  PLATES. 


FLATE  I. 

Si  s.  4.  Apparatus  for  experiments  on  thfi  dastidty  of  stCini|P.ss« 

5.  Theofy  of  the  Gey^r  f^unteiii)  p.  4S« 

0.  Savart's  Steaiii-Eiigiiie,p.  50. 
A,  The  Boiler. 
V,  Safety-valve. 
By  Steam-pipe. 
Cy  Steam-cock. 
R,  Receiver. 
Df  Injection-cock. 
HGy  Suction-pipe ;  G,  its  valve. 
IK,  Ascending-pipe.  I^  Valve. 

7.  Newcomen's  Steam-Engine^  p.  59. 
Ay  Boiler. 

Ky  Steam-regulator. 
Q,  Steam-pipe. 
CB,  Cylinder. 

P,  Piston.   PD,  Piston-rod. 
Sf  Injection-cock. 

W,  Injection-cistern  j  /^  SnifUng-valve. 
if  eg,  Eduction-pipe.  A,  Valve. 
HK,  Working- beam;  O  its  gudgeon. 
ro  EG.  Arched-heads. 
t  /c.  Injection -pump. 
My  Great*pump ;  XL|  its  rod. 
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Reference  to  Plait  L 


Fig«  9.  Mr  Watt's  Steam-Engbe. 
A,  Boiler. 
BCy  Steam-pipe. 
I,  SteaiD-vdve.    L^  Exhtiatioii-falfe. 
G,  Cyiinder ;  ^  A,  its  cover. 
P»  Piston. 
D,  Pistoii*rod. 
OQR,  Eduction-pipe. 
mbif  Iiijection*pipei» 
8T,  Air-pamp. 
XY,  Hot-water  pomp. 


'    RrferemefoPlatelJ. 

tig.  8.  Bkighton*8  Scem-Eiiginei 
A'}  Boiler. 
Z,  Steam-regulator. 
Ky  Steam-pipe. 
^  B;  Cylinder. 
P»  Piston. 
X^  Piston-rod. 

R,  Injection-cock.  QBf,  Iijectioa-pij[>e. 
C  C,  Injection-cistem. 
W,  Snifting-falve. 
j»  EdjDCtion-pipe. 
1^  Infection-pump. 
M|  Orea^pump• 
K  K,  Working-beam. 

Fig.  10.  On  the  expansioB  of  ftCMn  in  a  lyliiider. 


Reference  to  Plate  IIL  Mr  Wattes  Dotiftfe 

from  his  Specification  of  1782. 

Fig.  11.  Asectioo;  Fig.  18.  Afiont  viewof  the  cylinder,  pipes^ air^pompb 
&C.  A,  The  piston. 

VOL.  II.  M 
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B,  Cylinder.     1, 1,  Steam-caM  «uiTOunding  it 
€98,99  :>tearo-pipe  from  the  boiler. 

D.  Place  of  the  upper  steam-r^gutetor,  or  vaWCi 
N,  Upper  exhausting,  or  condensing-valve. 
£,  Lower  steam-valve. 

F,  Lower  exhausting-valve. 

G,  Eduction-pipe  and  condenser. 
H,  Injection-pipe  and  jet  of  water. 

L,  Valve  between  the  condenser  and  air-pump. 

K,  Air-pump,  with  its  budget. 

Mf  Box  containing  a  valve  similar  to  L. 

P9  Piston-rod. 

Of  A  toothed  rack ;  Q»  ^  sector  fixed  on  the  main  levier,  or 
beaoL 

Y,  A  pinion* 

X,  A  reciprocating  fly-whed.  * 

R,  Arch-head. 

8,  Pump-rod. 

T,  Connecting-rod. 

W,  A  toothed-wheel. 

U,  Another  toothed-wheel. 

V,  Rotative  fly-wheeL 
f ,  3,  Platform  and  beams  for  fixing  the  cylinder. 

4,  Wall  of  the  condensing-dstero* 
5,  6,  Walls  of  the  house. 
7,  Windows  and  doors. 

Fig.  13.  Section  of  a  regulator-box,  H,  H,  J»  J. 

H  H)  Opening  from  the  cylinder ;  K,  Cover  of  the  box. 

A,  Spindle,  passing  through  one  side  of  the  box. 

B,  Toothed  sector,  which  works  intp  the  toothed  rack  C. 

D,  The  valve ;  £,  Its  seat ;  F,  Guide  for  the  stem  of  the  valve. 
G,  Pipe  leading  to  the  condenser. 

P'g.  I4b  Manner  of  the  action  of  the  plug-tree  on  tiie  levers  of  the  retgu- 
Jating-valves. 
Q  R,  Part  of  the  plug-tree ;  P,  One  of  its  pins. 
N  O,  Lever,  moveable  on  the  axis  N. 
N  M,  An  arm  attached  to  the  same  axis*  with  a  joint  at  M,  con- 

necting  it  with  the  rod  M  L« 
L  A,  Lever,  fixed  on  the  spindle  A. 
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Reference  to  Plate  IV.ofMR  Watt's  Single  Reciprocating 

Engine, 

Ay  The  Cylinder. 

B,  Piston. 

C,  Piston-rod. 

D,  Stuffing-box  on  tbe  cylinder  cover. 
£,  Steam-case  of  the  cylinder. 

F»  Steam-pipe  from  the  boiler. 

Gf  Stean-Dozle  and  valve,  or  regulator. 

I,   Perpendicular  8tcaai-pipe« 

J,  Eduction-pipe. 

K,  Equilibrium-valve  and  nozle. 

L,  Exhaustion-valve  and  nozle. 

M,  Condenser. 

N,  Injection-cock. 

O,  Blow-valve  pipe. 

P,  Air-pump. 

Q»  Air-pump  bucket  and  rod. 

R,  Loil^er  valve  of  the  air»pump« 

S,  Upper  valve.    (The  hot-water  pump,  represented  in  section  of 

Albion-Mill  engine,  was  discontinued  about  this  time.) 
IT,  Pump  for  sillying  boiler.. 
V,  Injection,  or  cold-water  pump. 
Y,  Working-gear  of  the  nozle,  or  regulator  valves. 
Z,  Plug-tree,  which  acts  on  the  working-gear. 

a.  Main  lever,  or  working-beam, 
b.  Gudgeon  of  the  main-lever. 

c^  Straps  for  strmgthening  the  beam,    d,  King-post. 

e,  Arch-heads. 

f>  Chains  for  the  piston-rod  and  pump-rod. 

g,  Arch-heads  and  chains  for  the  air-pump. 

b.  Rod  of  the  great  pump. 
i.  Bucket 

j.  Working  barrel  of  the  pump, 
k,  Cbck. 

n,  Boiler,    o.  Flues  on  the  sides  of  it. 

p^  G^ate. 

r.  Damper,    s,  Chinmey. 

t.  Feed-pipe. 

I 
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Rtference  to  Plates  V.  VL  VIL  VIII.  of  one  of  the 

Albion'MUl  Steam-EngUies. 

(All  the  Letters  are  not  to  be  found  on  any  one  if  the  Plaies.X 

A,  The  cylinder,  34  inches  diameter. 
By  Piston,  which  makes  a  stroke  of  eight  feet* 
Cy  Piston-rod. 

D,  Stuffing-box  on  the  cylinder  oorer. 
£,  Steam-case  of  the  cylinder ;  e,  syphon  to  empty  it  of  water. 
Fy  Steam-pipe  from  the  boiler;  f,  a  pipe  to  supply  cylinder-case. 
G,  Upper  steam-nozle  and  vaWe^  or  r^gulatoHlxyx  and  regulator. 
H,  Upper  exhaustion-notle  and  valve. 
I,  Perpendicular  steam-pipe. 
J,  Eduction-pipe. 
K,  Lower  steam-noxle  and  valve. 
L,  Lower  exhaustton-nozle  and  valve. 
M,  Condenser,  immersed  in  a  cistern  of  cold  water. 
N,  Injection-cock  (always  open  when  the  engine  works.) 

0,  Blow-valve. 
P,  Air-pump. 

Q,  Lower  valve  of  air*p(imp. 
Ry  Air-pump  bucket  and  rod. 
S,  Upper  valve  of  air-pump. 
T,  Hot-water  pump,  with  its  budget  and  rod. 
U,  Cold-water  pump. 
V,  Pump  for  supplying  boiler. 

W,  Governor,  turned  by  a  band  from  tiie  fly-wheel  shaft. 
X,  Lever  and  rod  to  connect  governor  vrith  the  throttle-valv«  at  /• 
Y,  Working-gear  of  the  nozle-valves. 
Z,  Plug-tree,  which  acts  on  the  working-gear. 

a.  Main  lever,  or  working-beam. 

b.  Its  main  gudgeon. 

c.  Perpendicular  links  of  the  parallel  motion. 

d.  Parallel  bars. 

e.  Regulating  radiuses. 

ff  Small  perpendicular  links. 

g,  Secondary  parallel  motion  for  the  air-pump. 

b.  Connecting-rod. 

1,  Planet-wheelp  fixed  to  the  connecting  rod.^ 
j.  Sun-wheel. 


L 
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k,  Fly<-wheel  shaft,  on  which  the  sun-wheel  is  fixed. 

],  Connectiog-liaky  to  retain  the  planet-wheel  in  its  orbit, 
n,  Fly-whetL 
9,  Boiler. 

o^  Tube  through  the  boiler  and  flues  round  it 
p,  Grate, 
q,  Feeding-mouth. 

r.  Damper. 

Sy  Chimnejr* 

ty  Feed-pipe. 

Oy  Gage-pipes  and  oocIbb. 

V,  Safety-valfe. 

w,  Beiril-wheeb  of  the  mOL 

Zy  Upright  shaft. 

y»  Large  spur-whed. 

a«  Pinions. 

^  Milistonei. 


Dacrgftion  of  the  Method  of  Workup  the  AlbiofhMUl 
Eiiginm.    Plata  F.  FI.  FIL  Fill. 

The  8teim-p^  F  (Plate  TL)  oonveya  steam  fiom  the  boiler  n  to  tha 
crass  pipe,  or  upper  steaiMioile  G,  and  by  ^  perpendicular  steam* 
pipe  ly  to  the  lower  stean-noile  K.  In  the  node  G  is  a  valve,  whicfa^ 
when  open,  admits  steam  into  the  cylinder  above  the  piston  B^  (Plate 
V.)  through  the  horiaootal  square  pipe  at  its  top;  and  in  the  lantr 
8team>noile  K  there  is  another  valve,  which,  when  open,  admits  steam 
into  the  cylinder  Mom  the  piston.  In  the  upper  exhaustion-node  H 
is  a  valve,  which,  when  open,  admits  steam  to  pass  from  the  cylinder 
aieve  the  piston  into  the  exhaustion-pipe  J,  which  conveys  it  to  the 
eondeasing-vessel  M,  where  it  meets  the  jet  of  the  injection  from  the 
codL  N9  and  n  reduced  to  water;  and,  in  the  lower  exhaostioo-nosle  I^ 
there  is  also  a  vaKe,  which,  when  open,  admits  steam  to  pam  out  of  tha 
cylinder  bekw  the  piston,  by  the  eduotion^pe,  into  the  condenser  Mm 

The  engine  being  at  rest,  the  cylinder  quite  cold,  and  the  condenses* 
cistern  full  of  water,  when  the  water  in  the  boiler  begins  to  boil,  steam 
will  enter  by  the  small  pipe/  (Plate  VI.)  into  the  space  between  the  cy- 
linder and  the  heating-case  E,  which  will  expel  the  air  contained  in  that 
space,  and  between  the  two  bottoms  of  the  cylinder,  at  a  cock  fixed  ia 
the  oute<*  bottom,  which,  when  all  the  air  is  expelled,  and  the  cylinder 
thoroughly  warmed,  is  to  be  shut,  and  the  water  which  may  be  formed 
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in  these  spKCB  during  the  woridng  of  the  enginei  will  issoe  by  the  in* 
verted  sjrphon  e. 

Things  being  in  this  situation  to  produce  a  oommenoement  of  motion, 
the  first  operation  is  to  open  all  the  four  valves,  G,  H,  K,  L;  (the  injeo 
tion-oock  being  shut)  the  steam  wifl  drive  the  air  out  of  the  steam  and 
exhaustion-pipes  I  and  J,  and  out  of  the  condenser  M,  through  the 
blow-pipe  and  its  valve  O,  (Plate  VI.)  and  as  soon  as  this  is  succeeded 
hy  a  sharp  crackling  noise  in  the  little  cistern  O,  the  valves  are  to  be 
shot  until  it  is  thought  that  the  steam  which  has  entered  is  mostlj  con* 
densed. 

The  same  operation  is  to  be  repeated^  giviiig  a  longer  time  to  cool  be* 
tween  the  times  of  blowing,  until  it  is  found  that,  upon  .opening  the  in« 
jectioD-oock,  some  water  will  enter,  and  the  barometer  shall  shew  some 
degree  of  exhaustion,  after  which,  the  r^)etition  of  blowing  will  soon 
empty  the  cyUnder  of  air. 

The  piston,  being  then  at  the  top  of  its  stroke,  the  valves  O  and  L  are 
to  be  opened,  and  the  fly-wheel  m  (Plate  V.)  turned  by  hand  about  one- 
eighth  of  a  revolution,  or  more,  in  the  direction  in  which  it  b  intended 
to  move ;  the  steam  which  is  then  in  the  cylinder  will  pass  by  L  into  the 
condenser,  when,  meeting  the  jet  of  water  from  the  injection-cock,  it 
will  be  converted  into  water,  and  the  cylinder  thus  becoming  exhausted, 
the  steam,  entering  the  cylmder  by  the  valve  G,  will  press  upon  the  pis- 
ton and  cause  it  to  descend,  while,  by  its  action  upon  the  working-beam 
through  the  piston-rod,  &c.,  it  pulls  down  the  cylinder-end  of  the  beam, 
and  raises  up  the  outer-end  and  the  connecting  rod  A,  which  causes  the 
phuiet- wheel  >  to  tend  to  revolve  round  the  sun-wheel  j;  but  the  form- 
er of  these  wheels,  being  fixed  upon  the  connecting-rod  so  that  it  cannot 
turn  upon  its  own  axis,  and  its  teeth  being  engaged  in  those  of  the  sun- 
wheel,  the  latter,  and  the  fly-wheel,  upon  whose  axle  or  shaft  it  is  fixed, 
are  made  to  revolve  in  the  desired  direction,  and  give  motion  to  the 
miU-work* 

As  tlie  piston  descends,  the  plug-tree  Z  also  descends,  and  a  clamp,  or 
slider  9,  (Plate  V.)  fixed  upon  the  side  of  the  plug^tree,  presses  upon  the 
handle  1  of  the  upper  Y-shaft,  or  axis,  and  thereby  shuts  the  valves  G 
and  L,  and  the  same  operation,  by  disengaging  a  detent,  permits  a 
we^ht  suspended  to  the  arm  of  the  lower  Y-shaft  to  turn  the  shaft  upon 
its  axis,  and  thereby  to  open  the  valves  K  and  HL  The  moment  pre- 
vious to  the  opening  these  valves,  the  piston  had  reached  the  lowest 
.part  of  Its  stroke,  and  the  cylinder  above  the  piston  was  filled  with 
aleam ;  but  as  soon  as  H  is  opened,  that  steam  rushes  by  the  eduction- 
|iipe  J,  into  the  condenser,  and  the  cylinder  abox>e  the  piston  becomes 
eihaiistcd*    The  steam  from  the  boiler  entering  by  1  and  K,  (Plate  VI.) 
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acts  upon  the  tamer  side  of  the  piston,  and  forces  it  to  return  to  the  top 
of  the  n'h'nder.  When  the  piston  is  very  near  the  upper  termination  of 
its  stroke,  a  lother  slider  a  raises  the  handle  9,  and,  in  so  doinf ,  disenga* 
ges  the  catch  which  permits  the  upper  Y-shaft  to  revohre  upon  its  own 
axis,  and  open  the  valves  G  and  L,  and  the  downward  stroke  recom- 
mences as  has  been  related. 

When  the  piston  descends,  the  buckets  R,  T  of  the  air^rap  P  and 
liot- water  pump  T  also  descend.  The  water  which  is  contained  in  these 
pumps  passes  through  the  valves  of  their  buckets,  and  is  drawn  up  and 
discharged  by  them  through  the  lander  or  trough  f,  by  the  next  descend* 
ing-stroke  of  the  piston.  Part  of  thb  water  is  raised  up  by  the  pump  V, 
for  the  supply  of  the  boiler,  and  the  rest  runs  to  waste. 


Particular  Deicription  of  the  Mechanhm  which  opem  and 
shuts  the  Nozte-vaha  or  Regulators.  Plate  VIL  Fig.  €.* 

The  piston  approaching  the  top  of  the  cylinder,  the  slider  a  fiistened 
upon  the  plug-tree  Z,  raises  up  the  handle  6,  which  is  fixed  upon  the 
lower  Y-shafV,  or  axis  c,  as  is  the  detent  d^  and  the  latter  takes  hold  of 
the  double-ended  catch  e ;  but,  in  doing  this,  the  upper  end  of  the 
catch  allows  the  detent/  to  escape^  and  a  weight  hung  to  the  rod  ^ 
turns  the  axis  h.  The  arm  i,  and  rod  7',  are  moved  out  of  the  straight 
line  at  /,  and  by  a  lever  k  turn  the  spindle  m  in  the  upper  nozle,  which, 
by  means  of  a  toothed-sector  ii,  and  rack  0,  raises  the  valve  p,  and  ad* 
mits  steam  into  the  cylinder  above  the  piston  through  the  horizontal  pipe 
A.  At  the  same  time,  another  arm  u,  fixed  upon  the  same  shaft,  bj 
means  of  the  rod  w,  acts  upon  a  spindle,  &c,  in  the  lower  nozle,  and 
opens  the  ezhaustioB-valve  L,  (Plate  V»)  and  thereby  forms  a  communi* 
cation  between  the  cylinder  below  the  piston  and  the  condenser.  The 
piston  now  descending,  another  slider  f,  moves  the  handle  r  into  thepo* 
sition  s ;  this  raises  the  weight  gt  while  i  and  k  are  brought  back  to  the 
position  4  and  the  valves  p  and  L  are  shut.  The  detent  /,  in  acting 
upon  the  catch  e,  disengages  d;  the  lower  Y-shaft  turns  upon  itsaxis, 
and  two  anna  attached  to  it  (similar  to  those  upon  the  upper  Y-sliaft, 
which  are  omitted  to  avoid  confusion)  by  means  of  the  rod  i  and  ^,  open 
the  lower  steam-valve  K,  (Plate  V.)  and  the  upper  exhaustion-valve  tm 


*  In  the  plan»  only  one  of  the  Y-shafts  is  shown,  and  the  leven  which 
open  and  ilMit  the  steam-valve  of  the  upper  nosle. 
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The  oylinder  above  the  pbton  becomes  exhauited,  and  the  itcam,  enter* 
iof  below  ity  causes  thepitloa  to  reasoand** 


Dacription  of  the  Governor. 

The  governor  W  (Blate  V,)  consists  of  a  perpendicular  axn  wbidi  is 
pot  in  motion  by  means  of  a  band  passing  round  a  pulley  fixed  upon  it» 
and  round  another  puUey  fixed  upon  the  main-shaft  K  (Plates  Vn.  and 
VIIL)  Two  heavy  balls  are  appended  to  this  axis  by  means  of  two 
rods  which  cross  each  other  in  a  mortise  formed  in  the  upper  part  of  the 
axis*.  After  crossing  each  other,  these  two  rods  are  bent  outwards  in  a 
eontrary  direction^  and  to  them  are  jointed  two  short  pieces,  the  other 
ands  of  which  join  to  a  collar  capable  of  slidiiy  up  and  down  upon  the 
opper  part  of  the  axis,  forming  altogether  an  assemblage  resembling  one 
of  the  joints  of  a  tobaooo  tongi;  so  that,  wbea  the  balls  recede,  which 
liappens  from  the  centrifugal  force  given  by  any  increase  of  velocity  of 
the  maioHihaft^  the  ooUar  is  depressed,  and,  vice  verta^  raised  when  the 
velocity  diminishes ;  and,  by  its  action  upon  the  double-ended  lever  x, 
which  is  connected  with  an  arm  fixed  upon  the  spindle  t  of  the  throttle* 
falve,  admits  more  or  lets  steam  to  the  cylinder  as  the  case  requires. 


*  This  constraction  of  the  ttOz£e«regtt/<tort  and  toorking  gear  was  in  use  at 
the  time  Dr  Robiton  composed  his  Essay^  bat  several  material  alteration! 
have  since  been  made  in  it ;  an  account  of  which  I  mast  leave  to  some  fu- 
tore  historian,  aa  they  do  not  iall  within  the  Kope  of  these  annotations  opon 
Pr  B^'s  Essay. 


Machinery. 


•  •      .      « •     •  • 


• 

The  tefta  Machine  is  now  vulgarly  given  to  a  great  Tari- 
e^  of  sotgeetB,  which  ha?e  very  little  analogy  by  which 
they  can  be  dasned  with  propriety  ander  any  on^  name. 
We  say  a  travelling  madiine,  a  bathing  machine^  a  copy- 
ing machine^  a  threshing  machine^  an  electrical  machine, 
&c.  &e.  The  only  drcomstance  it  wfiich  all  these  agree 
seems  to  be,  that  their  ton^trnctibn  is  more  contplex  and 
artificial  than  the  utensils,  tools,  or  instruments,  which  offer 
themselves  to  the  tirst  thougHts  of  iMcuICivated  )>eople. 
They  are  more  artificial  tfian  the  common  'cart,  the  bfttb^ 
ing  tiib^  or  Ae  flail.  In  the  language  of  afkident  Atheril 
and  Rome^  the  t^rm  ^as  aipplied  to  every  t6ol  by  which 
hinti  labour  of  any  kind  was  performed ;  but,  in  the  lan« 
gtege  of  modeita  Europe,  it  seems  restricted  either  to  sifdh 
tools  or  instrumeifts  Hb  are  employed  for  eil^cuting  sctafe 
philosophical  purpose,  or  of  which  the  ccinsfructifAi  eiff* 
pkys  the  simple  mechanical  powers  in  a  tonspicuotis  man* 
ner,  in  Irhich  their  operation  and  energy  engage  die  at- 
teiftion.  An  dectrical  machine,  a  cehtrffiigal  machine^  are 
of  the  firit  class;  a  threshing  machine,  a  fire  machine,  are 
of  the  other  class.  It  is  nearly  synonymous,  in  our  Ian« 
gaage,  widi  bhoihs  ;  a  term  -aftogetfaer  modern,  and  1h 

VOL.  ir.  K 


1S2  1IACHIMXRT« 

•cmie  measure  liononniUe^  bebig  bestowed  only,  or 
on  oontrivanoes  for  executing  work  in  which  ingenuity  and 
mechanical  skill  are  manifisst.    Perhaps,  indeed,  the  term 
ei^gtfK  is  limited,  by  careful  writers,  to  machines  of  consi- 
derable magnitude^  or  at  least  of  considerable  art  and  con- 
trivance.    We  say,  with  propriety,  steam-engine^  fire^a^- 
gine^  plating-engine^  boring-engine ;  and  a  dividing  ma- 
chine^ a  copying  madiine^  ftc    Either  of  these  terms, 
MOcAtRe  or  engimCf  are  applied  with  impropriety  to  oontri- 
Yances  in  which  some  piece  of  work  is  not  executed  on 
materials  which  are  then  said  to  be  manu&ctured.    A  tra- 
▼dling  or  bathing  machine  is  surely  a  vulgarism.    A  ma- 
chine or  engine  is  therefore  a  tool  ;  but  of  complicated 
construction,  peculiarly  fitted^r  eiqiediting  labour,  or  for 
performing  i^  accDrdipg  to  oertwi  iovariaUe  prindplea: 
aq4  W9.  should  ^ddl,  thak  the  dqpcndeace  of  its  efficacy  09 
mechavioJ  priixciples  innst  be  anparentt  and  even  otmspi^ 
cafm-i    Tb|i9:Ocmlbri?aiioe.  aufl  erection  of  such  woiFlai^ 
atitpto  1)1^  pKofe^uoa  of  this  epgineey ;  a  professimi  whidi 
om^$  by  m  mfiB^  liq  be  ooiyfoiwded,  witb  that  (|f  the  sm- 
cham<^  the  artif^,  or  maiuifoptuzer. 

By  far  the  greatest  nuiaber  of  our  ^ost  serviceable  en- 
gines coniUBt  chiefly  of  parts  whi^  have  a  motion  of  rotar 
tipn  round  fix^  axes^  and  derive  all  their  energy  from 
levers  virtually  contained  in  them.  And  these  acting  parts 
are  also  material,  requiring  force  to  move  them  oyer  and 
above  what  is  necessary  for  producing  the  acting  force  at 
th^  working  part  of  the  machine.  The  modifications  which 
this  circumstance  frequently  makes  of  the  whole  motions  of 
the  machine,  are  indicated  in  the  article  BoTATioir  (see 
vol.  L)  i^  an  elementary  way  1.  and  the  propositions  there 
iqvestigated  willbe  found,  almost  con|;iipuaUy  involTed  in  the 
Goipplete  thf^ry  of  the  operation  of  a  mAcbine.  Lastly,  it  will 
be  propi^r  tp  consider  attentively  thepiicqx)6itions  contained 
}xi  die  afrticle  SrsMznqru  of  MoUfud^  that  we  o^y  combine 
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dMi  wM  Aose  #kk}i  relate  whoOy  td  die  forking  6f  tbe 
jmehine ;  because  It  is  from  this  conhiiiatioii  onljr  that  w^ 
discover  the  strains  which  are  excited  at  the  ▼arioos  imnts 
of  support,  and  of  communicatioD^  and  in  eteiy  member 
of  the  machine.  We  suppose  all  thebe  Aings  already  un- 
derstood. 

78.  Ofer  objiect  at  present  is  to  pbint  cot  tfie  prindpht 
whleh  enable  ttn  to  ascertain  what  w91  be  the  predae  mo^ 
don  of  a  macbfne  of  ^ven  constmctioii«  when  actuated  bj 
a  naturatpower  of  known  intensity,  applied  to  a  given  poiiiC 
of  the  madiine,  #hile  it  m  employed  to  overcome  a  knomi 
reiiilanoe  actilig  at  another  pdilt.  To  abbreviate  language^ 
we  shd  gbB  that  the  ivnuLtn  fotnt  of  the  niaehhie  to 
which  thepreimre  of  die  moving  power  is  immediflttd^^ 
plied  I  and  we  iaky  call  that  the  wobkiko  poikt,  iiiw^  tba 
resistance  arising  lirom  Ab  work  to  be  perlbrmed  iutti^^ 
dfately  acts; 

To  consider  this  importtot  sntject,  even  in  its  diief  vap 
rieties,  req[cdrei  much  more  rooiA  thah  can  be  allowed  in 
s  work  like  thb,  and  dien&irt  me  must  content  onr- 
sdves  with  a  very  limited  view ;  btit,  at  the  sune  thn^ 
such  a  view  b$  shall  give  suffident  indication  of  the  prin- 
dples  which  should  direct  the  practical  reader  in  eveiy  im» 
portant  case.  We  shall  consider  those  machines  which 
perform  thdv  motions  round  fixed  axes ;  these  bdng  by 
ftr  die  most  numerous  and  important,  because  they  involve 
in  thdr  construction  and  operadons  all  the  leading  pifn* 
dples. 

79.  That  we  may  proceed  securely,  it  is  necessary  to 
have  a  predae  and  adequate  notion  of  moving  force,  as  i^ 
plied  to  machinery,  and  of  its  Pleasures.  We  thiilk  tUi 
pecdiarFf  necessary.  I>i£fereht  notions  have  been  oltef^ 
tiEdned  on  diis  subjM:  by  Mr  Leibnitz,  Des  Cartes,  and' 
other  eminent  mechanicians  of  the  last  centuiy ;  and  thdr 
successors  have  not  yet  come  to  an  agreement.  Nay,  some 
of  the  moat  eminent  praetidoners  of  the  present  tinuSi^  (fer 
we  must'  indiide  Mr  Sbneaton  in  the  number,)  have  given 
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measures  of  mechanical  power  in  machinorj  which  we 
ihink  inaocuratej  and  tending  to  erroneous  conclusions  and 
maxims.^ 

We  take  for  the  measure  (as  it  is  the  eflect)  of  exerted 
medbanical  power  the  quantity  of  motion  which  it  produces 
by  its  uniform  exertion  during  some  given  time.  We  say 
mkyinm  exertion,  not  because  this  unifermity  is  necessary, 
but  only  because,  if  any  Tariation  of  the  exertion  has  taken 

S*  ee,  it  nmst  be  known,  in  order  to  judge  of  the  power, 
is  would  needlessly  complicate  the  calculations  ^  but  in 
whatever  way  the  exertion  may  have  varied^  the  whole  ac- 
cumulated exertion  is  still  accurate^  measured  by  the  quan- 
tity cif  motion  existing  at  the  end  of  the  exertion.  The 
reader  must  perceive  that  this  is  the  same  thing  that  is  ex- 
piressed  in  the  article  DtnAmics,  (voL  L  p.  108)  hj  the 
area  oif  the  figure  whose  abscissa  or  axis  represents  the 
time  of  exertion ;  and  the  ordinates  are  as  the  pres- 
sures in  the  different  instuits  of  that  time,  the  whole  being 
multiplied  by  the  number  of  particles,  (that  is,  by  the  quan- 
tity of  matter^)  because  that  figure  represents  the  quand^ 
of  motion  generated  in  one  particle  of  matter  only.  All 
this  is  abundantly  clear  to  persons  conversant  in  these  dis- 
quisitions ;  but  wc  wish  lo  carry  along  with  us  the  distinct 
conceptions  of  that  useful  class  of  readers  whose  profession 
engages  them  in  the  construction  and  employment  of  ma- 
clhin^,  and  to  whom  such  discussions  are  not  so  familiar. 
We  must  endeavour,  therefore^  to  justify  our  choice  of  this 
measure  by  appealing  to  familiar  facts. 

If  a  man,  by  pressing  uniformly  on  a  mass  of  matter  for 
five  Seconds,  generates  in  it  the  velocity  of  eight  feet  per 
second,  we  obtain  an  exact  notion  of  the  proportion  of  this 
exertion  to  the  medianical  exertion  of  gravity,  when  we 
say  that  the  man's  exerted  force  has  been  precisely  one- 


♦  A  very  able  paper  in  support  of  Smeaton't  mfasure  of  moving  force,  by 
iXt  Ewirt,  will  be  found  in  the  Manchestrr  Memoirs,  ▼©].  ii.  p.  113— E». 
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turenticth  piurt  of  the  action  of  gravi^  on  it ;  for  we  knoir 
that  the  weight  of  that  body  (or,  more  properly,  it9  hesvi*  • 
ness)  would,  in  five  seconds^  have  givai  it  the  velocity,  of 
160  i^et  per  second^  by  acting  on  it  during  its  fall.  But  let 
us  attend  mpre  closely  to  what  we  mean  by  saying  that  tha 
exerted  force  is  one-twentieth  of  (\^e  ex^rtipn  of  gravi^« 
Tbfi  9vly  uoUqu  we  haye  of  the  ex^tioi^  oCgravi^  h  wlmt 
we  call  tb^  weight  of  the  body-- the  pressure  whi<m  we  titi 
it  tt^aUkfi  on  our  hand.  To  say  that  this  is  20  ^unds  weight 
does  not  ex^ain  it ;  because  this  is  only  the  action  of  gra- 
vity on  another  piece  of  matter.  Both  pressures  a^^  the 
saine.  But  if  the  body  weighs  20  pounds^  it  will  draw  out 
the  rod  of  a  steelyard  to  the  mark  20.  The  rod  is.  «o  4|i* . 
videdy  that  the  20th  part  of  this  pressure  will  draw  Itt;  Digit 
to  1.  Now  the  tenet  n»  that  if  the  man  press^  on  th^  quup 
of  20  pounds  weight  with  a  spring  steelyard  duritig  five  se- 
cond and  if  daring  that  time  the  rod  of  the  steelyard  was 
always  at  the  mark  1,  the  body  will  have  acquired  the  velo-} 
city  of  eight  Jfeet  per  secOndJ  This  is  an  acknowledged 
&dL  Therefore  we  wer^  right  in  taying,  that  the  man's  es- 
ertion  is  one-twentieth  of  the  exertion  of  gravity.  And 
since  we  believe  the  weight  of  bodies  to  be  proportional  to 
their  quiiptity  of  matter,  all  matter  being  equally  heavy^  we 
may  say^  that  the  man's  exertioh  was  equal  to  the  action  of 
gravity  on  a  quantity  of  matter  whose  weight  h  one  poond*. 
We  express  it  much  more  familiarly,  by  saying,  that  ^ 
man  exerted  on  it  the  pressure  of  one  pound  of  matter^  ot 
the  force  of 'one  pound; 

in  this  manner,  the  motion  communitated  to  a  m$st  of 
matter,  by  acting  on  it  during  some  time^  informs  us  with 
accuraqr  ^'the  reaFmechaniod  force  or  {Pressure  which  hsia 
been  exerted.  Tins  is  judged  to  be  double  wbeQ^  twice  tibe 
velocity  has  been  generated  in  the  same  mass,  or  where  dl^ 
same  vUodty  has  been  generated  in  twice  the  mass;  be- 
cause we  know  that  a  double  pressure  would  have  deae 
the  one  or  the  other* 

Bat£u:ther:  we  know  that  this  pressure  is  the  tizerUon ; 
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we  bfve  no  othisr  notion  of  our  own  force ;  and  our  notion 
of  gravity)  of  elasticity^  or  any  other  natural  fprce^  19  the 
•ame.  We  al^o  know  that  the  continuance  of  tbia  exertion 
fiitigaes  and  exhausts  our  strength,  fis  completely  as  the 
most  violent  motion.  A  dead  pull^  as  it  is  called^  of  a  horsey 
at  a  post  fixed  in  the  ground,  is  a  usual  trial  of  his  strength. 
No  man  can  hold  out  bis  arm  horizontally  for  much  more 
than  a  quarter'  of  an  hour ;  and  the  exertion  of  the  last 
minutes  gives  the  most  distressing  fatigue^  and  di3ables  the 
ahoulder  from  action  &r  a  considerable  time  after.  This  jib 
therefore  an  expenditure  of  mechanical  powefi  in  the  strict 
primitive  sense  of  the  word.  Of  tbis  eaqpenditu^e  we  bavc 
ap  exact  and  adequate  effect  wd  measure  in  tbe  quantity 
'of  motion  produced;  that  is,  in  tbe  product  of  tbe  quanti^ 
of  matter  by  the  velocity  generated  in  it  by  this  exertion. 
Aqd  it  must  be  particularly  noticed,  that  this  measure  i^ 
applicable  even  to  cases  where  no  motion  is  produced  by 
the  exertion  }  that  is,  if  we  know  that  the  exertion  which 
is  just  vnable  to  start  a  block  of  stone  lying  on  a  smooth 
stone  pavement,  but  would  start  it,  if  increased  by  the 
smallest  addition;  and  if  we  know  that  this  would  generate 
in  a  second  32  feet  of  velocity  in  a  100  pounds  of  matter, 
we  are  certain  that  it  was  a  pressure  equal  to  tbe  weight  of 
this  100  pounds.  It  is  a  good  measure^  though  not  imme- 
diate and  may  be  used  without  danger  or  mis^ke  when  we 
have  no  other. 

8a  Tbe  celebrated  engineer,  Mr  Smeaton,  in  his  excel* 
leal  dissertation  on  the  power  of  water  and  wind  to  drive 
machineiy,  and  also  in  two  other  dissertations,  ^1  publish- 
ed jn  the  Philosophical  Transactions^  and  afterwards  in  a 
li^b  volume^  has  employed  another  measure,  both  of  the 

of  mechanical  power,  and  of  the  mechanical 
produced.  He  says,  that  the  weight  of  a  body,  mul- 
tipHed  by  the  height  through  which  it  descends^  while  dri- 
™%  a  machine^  is  the  only  proper  measure  of  the  power 

Kided  I  and  that  the  weight,  multiplied  by  the  height 
1^  whioh  it  is  unifontily  raised,  is  the  only  proper 
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of  the  effect  pro^oeed.  And  tm  pn^^tei  k  hrffi 
tndn  of  aocurate  experiments  to  prove  that  a  eettaiti  weighs 
denendiiig  through  a  certain  spaee^  ahmjB  prodnees  dke 
eame  ^fect,  whether  it  has  descended  swiftly  o^  idoWly,  eON 
pbying  little  or  much  time. 

Had  this  emaneot  engineer  proposed  thts  as  a  popalat 
jneasare^  of  easy  comprehension  and  rettennbranc^  and  afe 
well  accommodated  to  the  uses  of  those  engaged  in  the  cotia» 
BtmctioB  of  machines^  when  restricted  to  a  certain  dirts  of 
ca^  it  inig^t  have  answered  very  good  purposes  j  but  thfe 
author  is  at  pams  to  reoommend  it  to  the  philosophers  as  H 
necessary  correction  of  their  theories,  which,  he  says,  tehd 
to  mislead  the  artists.  His  own  reasonings  terminate  in  die 
same  condusioa  with  Mr  Leibnita's^  namely,  that  the  p&w^ 
of  producing  a  mechanical  effect,  and  the  eflS^  piodttee^^ 
are  proportioiialtothe  square  of  the  velociQr.  The  deferen^fe 
just^  due  to  Mr  Smeaton's  authority^  and  the  influence  df 
hk  name  among  those  who  are  likely  to  make  the  most  tlie 
of  his  instructions^  render  it  neeesiary  for  us  to  enetnftie 
this  matter  with  some  attention* 

Mr  Smeaton  was  led  to  the  adoption  of  this  measure  by 
his  professional  habits.  Raising  a  weight  to  a  height  ii,  in 
<me  shape  or  another,  the  general  task  of  the  machinei  h^ 
was  employed  to  erect ;  and  we  may  add,  the  opportunitiee 
of  expending  the  mechanical  powers  of  nature  wliidi  are  in 
our  command,  are  generally  in  this  prc^rtion.  A  certain 
daily  supply  of  water,  coming  fwrn  a  certain  he^ht,  ie  our 
best  opportunity,  and  may  very  properly  be  said  to  be  ex* 
pended. 

8  K  Thb  being  the  general  case^  the  measure  was  obviousf 
and  natural,  and  good.  The  power  and  effect  were  of  the 
same  kind,  and  must  be  measures  of  each  other;  at  leasts  in 
those  droumstances  in  which  they  were  set  in  oppoftitknb 
Yet  even  here  Mr  Smeaton  was  obliged  to  make  a  restrict 
tion  of  his  measures  :  <<  The  height  through  whidi  a  body 
dcwfy  ami  equaUy  descended,  or  to  which  it  was  raised.** 
And  why  was  this  limitation  necessary?  <<  Becaiw  in  rapid 
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or  afio^flntod  motion^  thft  inertia  of  bodief  oocaiioned 
;(piptt  ▼ariatioo."  Bat  thii  is  too  ^ague  language  fiv  j^o- 
aoplucal  disquititioo.  Bcajda^  what  is  meant  by  this  Tariap 
tfoa  ?.  What  is  the  standard  from  which  the  unrestricted 
measure  varies  ?  This  standard^  whatever  it  is^  is  the  true 
mqnorej  and  it  was  needless  to  adopt  any  other.  Now,  the 
standard  from  which  Mr  Smeaton  estimates  the  defiatiooy 
it.t|ie  igery  measure  which  we  wish  to  employ,  namdyt  the 
qiUUitity  of  motion  produced.  Strictly  spealdngy  even  diis 
IS  np(  the  immfdiati^  measure*  The  immediate  measure 
is.^faat  ft^ulty  ichich  we  call  pressure.  This  is  the  interme* 
diiim  preoejyable  in  all  productiims  of  motion ;  and  it  is 
illio  the  intermedium  of  mechanical  eflfectt  even  when  nuv 
tionisiiQt  produced;  as  when  the  wdght  of  a  body  bends 
a  qiring^  or  the  dasticitgr  of  a  body  supports  another  pres* 
sni^  How  i(  operates  in  an  or  any  of  these  Gase%  we  know 
noi;.but  we  know  that  aU  thne  measures  of  pressure  agree 
Wfith  ^Bch  other.^  A  double  quantiqr  of  motkm  will  bend  a 
i{Nriiig,.dpi])bl^  strong  will  raise  a.  double  we^t,  will  with- 
stand any  double  pressure,  &c  &c  In  shorty  pressure  is  the 
hoomediate  <w!|^t  in. every  mechanical  phenomenon.  It  pc» 
netrates  bodiet,.  oxerooming  their  toiacity ;  it  overcomes 
friction;  it  bftlfncfs  pressure;  it  produces  motion.  Mr 
Smeaton's  measure  is  oply  lusarly  true^  in  any  case ;  and  in 
all  cases  it  is  far  from  being  exact  in  the  first  instants  of  the 
potion^  during  its  acceleration  or  retardation. 

We  have  already  noticed  the  complete  expenditure  of 
anin^d  power  by  continued  pressure,  even  when  motion  is 
not  produced ;  the  only  difficulty  is  to  connect  this  in  a 
moiu^inibl^  way  with  the  power  which  the  same  exertion 
has  of  generating  motion  in  a  body. 

When  a  man  supports  a  weight  for  a  single  instant,  be 
f^rtainly  ba]^pces  the  pressure  or  action  of  gravity  on  that 
body  i  and  he  continues  this  action  as  long  as  he  continues 
to  vipport  it :  and  we  Igiow  that  if  this  body  were  at  the 
Olid. of  a  horizontal  arm  turning  round  a  vertical  axis,  the 
jai^fS  ^ort  wliich  the  ipan  exerted  in  merely  carrying  the 
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we^^  if  BOW  e&erted  on  ihe  body,  by  imdiing  it 
tally  roond  the  axis,  will  generate  in  it  the  aame  velocity 
which  gravity  would  generate  by  its  falling  freely.  On  thb 
authority^  therefore,  we  say,  that  the  whole  accumulated 
action  of  a  man,  when  he  has  just  carried  a  body  whos^ 
weight  is  30  pounds  for  one  minute,  is  ecpial  to  the  whole 
exertion  of  gravity  on  it  during  that  minute  ^  and,  if  em^ 
ployed,  not  to  counteract  gravity,  but  to  generate  moticHi;, 
would  generate  during  that  minute,  the  same  motion  that 
gravity  would,  that  is,  60  X  32  feet  velocity  per  second,  ia 
a  mass  of  SO  pounds.  There  would  ber  30  pounds  of  matter 
moving  with  the  velocity  of  1920  feet  per  second*  We 
would  express  this  production  or  effect  by  30X1920,  or 
by  57600,  as  the  measure  of  the  man's  exertion  during  the 
minute. 

But,  according  to  Mr  Smeaton,  there  is  no  expenditure 
of  power,  nor  any  production  of  mechanical  effect,  in  thus 
carrying  30  pounds  for  a  minute ;  there  is  no  product  <s€ 
a  weight  by  a  height  through  which  it  is  equably  raised ; 
yet  such  exertion  will  completely  exhaust  a  man's  strength 
if  the  body  be  heavy  enough.  Here  then  is  a  case  to  which 
Mr  Smeaton's  measure  does  not  readily  iqpply ;  and  this 
case  is  important,  including  all  the  actions  of  animab  at  sf 
deadpulL 

But  let  ns  consider  more  narrowly  what  a  man  really 
does  when  he  performs  what  Mr  Smeaton  allows  to  be  the 
production  o£  a  measurable  mechanical  effect  Suppose 
this  weight  of  30  pounds  hanging  by  a  cord  which  passes 
over  a  pulley^  and  that  a  man,  taking  this  cord  over  his 
shoulder,  turns  fiis  back  to  the  pulleys  and  walks  away  from^ 
it.  We  know,  that  a  man  of  ordinary  force  will  walk  along^ 
raising  this  weight,  at  the  rate  of  about  60  yards  in  a  ndi 
nute,  or  a  yard  every  second^  and  that  he  can  ocmtinue  to 
do  this  for  eigl^t  or  ten  hours  from  day  to  day ;  and  that 
this  is  all  that  he  can  do  without  fatigue.  Here  are  30 
pounds  raised  uniformly  180  feet  in  a  minute  j  and  Mr 
iSmeaton  would  express  this  by  30  x  1 80,  or  640O,  and  woiild 
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ed  lUf  die  notion  of  fbe  mgchmical  cflbott  and  bIm  of 
«Im  oqMDditon^f  powWi  Ttm  b  veiy  difinnt  firnn  our 
mmmae  SISOO. 

0f .  Bot  this  a  not  an  tcimte  oad  cooBpleto  ooopiiiit  of 
the  man's  oelMMi  on  die  weigfat»  aadof  the  wlido  cftot  pro*> 
doood.  To  be  convinced  oftfai%siqipQoe  thole  men  A  hw 
boon  thw  emidojedt  while  onotber  B|  woDdng  ehmgiide  of 
hioi  at  die  aame  rote^  ioddodjr  takea  die  rope  oat  of  hie 
hondf  fiwi  him  of  the  taak»  end  eoolJ^MM  to  rmiie  die  weight 
withoat  the  MBallert  nhaiy  on  iti  vehidty  of  aieent,  Wliat 
it  die  aetimi  of  B|  and  idiother  ii  it  the  lame  with  that  of 
A  or  not?  It  ii  acknowledged  bj  all^  that  die  esKerdon  of 
B  iigafaiit  the  hiad  ia  precjiely  eqnal  to  SO  pomida.  If  he 
holdi  tlw  rope  bj  a  ipring  atedyardy  it  wiU  ttand  conitand J 
at  the  mark  90.  B  exerts  the  lame  action  on  the  kiad  aa 
wbcn  he  ainqpljr  auppcrti  it  firoili  fiJHng  back  into  die  pit. 
It  waa  mofing  widi  the  tolocitj  of  three  fieet  per  aeoond 
when  he  took  hold  of  the  fope^  and  itwooU  coatinQe  to 
jDOve  with  that  vekxatjr  if  any  thing  oodd  annihilate  or 
ooonteraot  iti  gravily.  If^  dierefove,  there  was  no  aedon 
when  a  .penon  merdy  carried  it,  there  ia  none  at  present 
when.it  is  rising  180  feet  in  a  minutOi  The  man  does,  ii»- 
deedy  work  more  than  on  that  occasion>  hot  not  against  the 
load :  his  addiUoni(l  work  is  walkings  the  motion  of  liis  own 
bodyi  as  a  thing  previoosly  necessary  that  lie  may  continue 
to  support  the  loadf  that  he  may  continue  his  mechanical 
effiurt  as  it  fidlows  him.  It  ^ipears  to  yield  to  him  %  but  it 
is  not  to  Att  effiirts  that  it  yidds ;  iti  weight  completely  ba» 
hmccs  diose  eflbrts,  and  is  hahncficl  by  them.  D;  wasto  a 
grmier  efibrt  of  the  man  A  that  it  yidded.  It  was  then 
lying  on  the  ground.  He  pulled  at  the  cord  graduaUy^  per- 
haps  increadng  his  puU,  till  it  was  just  equal  to  its  weight. 
"When  this  obtains,  the  load  no  longer  presses  on  the 
ground,  but  is  compietdy  carried  by  the  rope.  But  it  docs 
not  move  by  this  effort  of  SO  pounds;  but  let  him  exert  a 
fi»oe  of  S 1  pounds,  and  continue  this  lor  three  seconds.  He 

will  put  it  in  motkm;  will  accelerate  that  modon ;  and,  at 
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the  end  pf  three  seponds,  the  load  Is  risiiig  with  tbe  velor 
city  of  ihrte  fi^  per  aecond.  The  man  feek  that  this  is  «g 
much  speed  as  he  can  contmue  in  his  walk ;  he  therefore 
sladMPt  his  puUfl  reaping  his  action  to  50  poondsi  and 
with  this  action  he  walks  on.  All  this  would  be  distind^ 
perceived  by  means  of  a  steelyard.  The  rod  wonld  bo 
pulled  out  beyond  M^  till  the  load  acquired  the  uniform  ve- 
locity intended^  and  after  this  it  would  be  observed  to  shrink 
back  to  30. 

More  is  done^  therefore,  than  appears  by  Mr  Smeaton's 
measpre.  Indeedt  all  that  appears  in  it  is  the  exertion  ne- 
cessary for  cQtdinuing  a  motion  already  produced,  but  which 
would  be  immediately  extinguished  by  a  contrary  power, 
which  must  therefore  be  counteracted.  This  measure  wil) 
not  apply  to  numberless  cases  of  the  employment  of  mm* 
chines  where  there  is  no  such  opposing  power,  and  where^ 
notwithstanding,  mechanical  power  must  be  expended,  even 
according  to  Mr  Smeaton's  measuronent.  Such  are  corn- 
mills,  boring-mills,  and  many  otfaen. 

How  then  comes  it  that  ifr  Sme^ton's  valuable  experi-r 
ments  concur  so  exactly  in  shewing  that  the  same  quanti^. 
of  watar  desc^iding  from  the  same  height,  always  produces 
the  same  ^ect,  (as  he  measured  it)  whatever  be  the  v4oci- 
tyi  In  the  first  places  all  his  experiments  are  cases  where 
the  power  expended,  and  the  work  performed,  are  of  the 
same  kind :  A  heaty  body  descend^  and,  by  its  preponde- 
rancy,  raises  another  heavy  body.  But  even  this  would  not 
ensure  the  precise  agreement  observed  in  his  experiments, 
if  Mr  Smeaton  were  not  careful  to  exclude  from  his  calcula^ 
tions  all  that  motion  where  there  is  any  accderation,  and. 
all  the  expenditure  of  water  during  the  acceleration,  and 
to  admit  only  those  motions  that  are  sensibly  uniform*  In 
moderate  vdodticfl^  the  additional  pressure  required  for  the 
first  acceleration  is  but  an  insignificant  part  of  the  whole ; 
and  to  take  these  accelerated  motions  into  the  aoopunt^ 
would  have  embarrassed  the  calculation^  and  perhaps  con*. 
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fbsed  many  of  bis  readers.  We  sec^  in  the  instance  now 
given,  that  the  addition  of  one  pound  continued  for  threcf. 
seconds  only,  was  all  that  was  necessary. 

Mr  Smcaton's  measurement  is  therefore  abundantly  ex- 
act for  practice ;  and  being  accommodated'  to  the  circum- 
fltanoes  most  likely  to  en^pige  the  attention,  is  very  proper 
for  the  instruction  of  the  numerous  practitioners  in  all  ma- 
nufiEu:turing  countries  wlio  are  employed  for  ordinary  erec- 
tions :  But  it  is  improperly  proposed  as  an  article  essential 
to  a  just  theory  of  mechanics,  and  therefore  it  was  proper 
to  notice  it  in  this  place.  Besides,  there  frequently  occur 
Biost  important  cases^  in  wluch  the  moUon  of  a  madune  is, 
of  necessity,  desultory,  ahemately  accelerated  and  retard* 
ed;  We  diould  not  derive  all  the  advantages  in  our  power 
from  the  first  mover,  if  we  did;  not  attend  particularly,  anjd 
duefly,  to  the  accderaiing  forces.  And,  in  every  case,  the 
improvement,  or  the  proper  employment  of  the  machine, 
is  not  attained,  if  we  are  not  able  to  discriminate  between 

.  the  two  parts  of  the  mechanical  exertion ;  one  of  them^  by 
which  the  motion  is  produced  and  accelerated  to  a  certain 
d^ee  \  and  the  other,  by  which  that  motion  is  continued. 
We  must  be  able  to  appreciate  what  part  of  the  effect  be- 
longs to  each.  But  it  is  now  time  to  proceed  to  the  im- 
portant question. 

What  will  be  the  precise  motion  of  a  machine  of  a  given  con* 
structiohf  actuated  by  a  power  of  known  intensity  and  manner 
of  actings  and  opposed  by  a  known  resistance? 

83.  In  the  solution  of  this  question,  much  depends  on  tlie 
nature  of  both  power  and  resistance.  In  the  statical  con- 
sideration of  machines,  no  attention  is  paid  to  any  differ- 
ences. The  intensity  of  the  pressures  is  aH  that  it  is  neces- 
sary to  regard,  in  order  to  state  the  proportion  of  pressure 
which  wHJ  be  exerted  in  the  various  parts  of  the  machine. 

.  The  pressures  at  the  impelled  and  workiifg-points,  combi- 
ned with  the  proportions  of  the  machine,  necessarily  deter- 
mine all  the  rest.    Pressure  being  the  sole  cause  of  all  me- 
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dianlcal  action  among  bodies,  any  preraure  may  be  substi- 
toted  for  another  that  is  equal  to  it;  and  the  pressure 
whidi  is  most  familiar,  or  of  easiest  consideration,  may  be 
used  as  the  representathre  of  all  othcfrs.  This  has  occasion- 
ed  the  mechanical  writers  to  make  use  of  the  pressure  of 
gravity  as  the  standard  of  comparison,  and  to  represent  all 
powers  and  resistances  by  weights.  However  proper  this 
may  be  in  theirr  hands,  it  has.  hurt  the.  progress  of  the 
science.  It  has  rendered  the  usual  elementary  treatises  of 
mechanics  very  imperfiBCt,  by  limiting  the  experiments  and 
illustrations  to  sudi  as  can  be  so  represented  with  facility. 
This  has  limited  them  to  -the  state  of  equilibrium,  (in  whidi 
condition  a  working  nmchine  is  ncfver  found)  because  illils^ 
trations  by  experiment  out  of  this  state  are  neither  obvious 
Bor  easy.  It  has  also  prevented  the  students  of  mechanics 
from  accomplishing  themselves  with  the  mathematical  know* 
ledge  required  for  a  successful  prosecution  of  the  study. 
The  most  eleinentafy  geometry  is  sufficient  for  a  thorough 
understanding  of  equilibrium,  or  the  doctrines  of  statics  | 
but  true  mechanics^  the  knowledge  of  machinea  as  instru- 
ments  by  which  work  is  performed,  requires  more  refined 
mathematics,  and  is  inaccessible  without  it.  ^ 

Had  not  Newton,  or  others^  improved  mathcfmatics  by 
the  invention  of  the  infinitesimal  analysis  and  calculuS|  we 
must  have  rested  contented  with  the  discoveries  (really 
great)  of  Gralileo  and  Huyghens.  But  Newton,  tuA  matheU 
fiaeem  pmfertnU^  opened  a  boundless  field  of  investigation^ 
and  has  not  only  given  a  magnificent  and  brilliant  specimen 
of  the  disco^ies  to  .be  made  in  it,  but  has  also  traced  out 
the' particular  paths  in  which  we  are  to  find  the  solution  of 
all  questions  of  practical  mechanics.  This  he  has  done  by 
shewing  another  species  of  cquilibriuro,  indicated,  not  by 
the'oessation  of  all  motion,  but  by  the  uniformly  of  mo- 
tion ;  by  the  cessation  of  all  acceleration  or  retardation.  As 
the  extinction  of  motion  by  the  action  of  opposite  forces  is 
assumed  by  us  as  the  indication  Qf  the  perfect  equally  of 
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tkMO  ferce^  to  llit  «lki<tkm  ^  iMsod^riifloii  stifdiild  be  m* 
cemd  as  d^  indkaSkm  cif  Mnelbiiig  «<^tiiAl  ttdtf  opposite  %b 
Ae  force  wbidi  wsis  kuoWm  i»  hs^  caiftied  Afe  steeeterrirtiotfy 
aadf  UicKfijfef  sb  the  kMieiitim  of  sd  e^tiobiriatti  between 
opposila  faroest  or  ebe  of  the  ^essiCloft  of  ill  for^ 

84.  TUsnewviewFOfttliifgitm^t&cfsotireedfaltcMirdis- 
Imct  Dotms  of  meduurfeal  fttfoes^  Md  gttte  m  oiif  c$nl]f 
vMxoiptioiiiUe  mafteaiid  memareB  of  tbeitf.  The  9gth 
Ipiopositkm  of  the  Aral  bodt  of  Newton^s  Priiici|des  of  Vt^ 
ttafal  Philoaophjy  and  id  conoiaries,  oontaid  abnoift  the 
whole  doetrkia  of  acthro  medbax^dtl  datofe^  atid  are  pe- 
oaliailjr  apfdioMs  to  oar  presettt  par^Me^  fiecame  ^ttef  eib- 
aUe  us  to  ooiapMbeiid  ki  tkbt  me c/kotiiM  tpdhbrbm  (so 
iliffiiint  from  the  $$aiieai)  ef&tf  dreumstaoce  m  irhiefa 
tkose j^msiNKO  whbdi  are  ^ceHed  bjr  Mturaf  pbwers  difkt 
fimnr  eads  otter,  and  vary  in  Aefir  action  on  the  impeHed 
aad  wodsbg'ponitS''  of  tf  nmdihMf.  lildeed,  when  we  re^ 
ooilect  that  the  0|Mratiana  of  oor  ttuichines  are  the  ssme  oo 
board  1^  ship  as:  on  dbre^  imd  ilkm  alt  oor  machines  are  mo* 
villi;  wdtli  the  ^ixMnd  on  w&ich  they  standi  we  must  ac- 
]dttowledge>  diat  even  ordinary  statics  is  only  an  imperfect 
view  of  an  equilibi iom  among  things  which  are  in  motion ; 
and  this  should  have  taught  us  that,  even  in  those  cases 
whera  nothing  like  equilibrium  appearsi  an  equilibrium 
may  adll-be  ueeiully  traced. 

85.  in  the  statical  consideration  of  machines,  the  quan- 
iUg:  of  pressure  is  €dl  lliat  we  need  attend  to.  But,  in  the 
mechanical  discussion  of  their  operationt,  we  must  attend  to 
their  distinctions  in  kind  :  and  it  will  by  no  means  be  suf- 
ficient to  represent  them  all  by  weights ;  for  their  dis- 
tinction in  kind  is  accompanied  by  great  difierences  in 
their  manner  of  acting  on  the  machine.  Some  natural 
powon^  in  order  to  continue  their  action  on  the  impelled 
potnt  of  the  machine^  must,  at  the  same  time,  put  into  mo- 
tion m  quanti^  of  matter  external  to  the  machine  in  which 
tliese  powers  reside  ^  akid  this  must  be  made  to  foUow  the 
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iinpdlodl  point  in  it»  motiny  and  not  enlf  Ukm,  bnl 
tinii»iopi«8flkibrwavd;  ot  thi»  matter^  lim  contiiuaBy 
pM  iBlD  iMitioiit  anisl  be  sooceniTdgr  ^>plied  to  difimol 
poiali  of  the  machtiie^  whidi  become  inqpoOed  poiate  in 
tkdbr  tuni.  Tkis  is  the  case  with  a  weiglit»  witbdieactioa 
of  a  springy  tke  action  of  animal^  die  action  of  a  stream 
of  water  DC  wind,  and  many  other  powefs.  A  past  of  Ae 
natural  meehaaiad  poi^  must  therefore  he  empbyed  im, 
pcoducii^  this  eactenMhl  motioa.  This  b  sometimes  a  Teiy 
considerable  pert  of  the  whole  aatural  power.  In  some 
cases  it  is  the  whole  of  it.  This  obtains  in  the  action  of  a 
descending  weighty  lying  oa  tlie  end  of  a  leiar  and  preisiag 
it  down^  or  hanging  by  it  cfaesd  attached  to  the  marhiaeu 

There  ia  abo  aH  impovtaat  AstinctioB  in  the  manner  in 
which  this  extcvnalr  motion  is  kqpt  up.    In  a  weight 
played  as  the  moving  powei^  the  actaaliog  prasaare 
to.  reside ia  the  matter  itself;  and  all  thai  b  meessayy  Soot 
cmntianing  this'  pressure  is  nesely  ta  oontinae  tiie  eanneo^ 
tion  of  it*  with  die  madbine»    ]3ut  in  tie  actioBi  of  animab 
it  mniy  bet  vei7  diftrent :  Amanprnhmgataeapstan^bai^ 
mailiart^  ef  a9  walk  aafivtiasdie  has  moweeroandy  and 
thte  refiawei  the  espeaditare'  ef  his^  nmasnlar  fosce.    Bat 
tWs  aleM  wall  not  veadsr  hisactieaaoicfieGthe  poaar:.Hs 
mastr  sdbo'pnar.  jSmmid  the  capslaa-bar  with  aa  mack  iiaoe 
as  he  has  remaining  over  and  dbcne  whsO  He  eapeads  in 
walking  at  that  rate.    The  proportion  of  these  two  expen- 
ditures may  be  veigr  difierent  in  diffinmit  eiicamrtaaem ; 
and  HI  the  judicious  sdectioB  of  saeh  ciromnstaaflte  as 
make  the  first  of  these  as  inconsidenMe;  aa  possible^  liss 
mudif  of  the  skill  and  sf^cil{^  of  dksrengiaear.  lathecom* 
mon  operadvm.  of  thrashing  eem^  nmch  move  iiuak  half  of 
tbe-man's  power  is  expended  in  ^aing  the  necessary  mo^ 
tion  to  hJB  owa  bed^,  and' only  the  remainder  is  employed 
in  ttfging  forward  Ae  swiple  with  a  momeatnmf  snffieient 
far  shaking  off  the  ripe  grain*  from  the  stalb.    We  had 
soflScieat  proof  of  thb  by  taking  off  the  swiple  of  the  flafl^. 

11 
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potting  the  tame  wd|[fat  of  lead  on  the  enddf  die^tofl^  and 
then  causing  the  hind  to  perfbrm  the  usual  motions  of 
thrashing  with  all  the  rapidity  that  he  could  oontinne  du- 
ring the  ordinary  hours  of  "work.  We  never  could  find  a 
man  who  could  make  three  motions  in  the  same  time  that 
he  could  make  two  in  .die  usual  manneri  so  as  tocontimie 
this  for  half  Hn  hour.  Hence  we  must  conclude^  that  half 
(some  will  say  two*thirds)  of  a  thresher's  power  is  expended 
in  merely  moving  his  own  body.  Such  modes  of  animal 
action  Will  therdbre  -be  avoided  by  a  judicious  engineer ; 
but  to  be  avoided,  thehr  inconvenience  must  be  understood. 
H<Nre  of  this  will  occur  hereafter.  In  othcfr  cases,  we  are 
almost  (never  wholly)  free  from  this  miprafitaUe  expendi- 
tore  of  power.  Thus,  in  the  steam-engine,  the  operation 
requires  that  the  external  iur  follow  the  piston  down  the 
oyUnder,  in  order  to  continue  its  pressure.  But  the  force 
necessary  far  sending  in  this  rare  fluid  into  the  cylinder 
with  the  neceMary  velocity,  is  such  an  insignificant  part  of 
the  whole  force  whidi  is  at  our  command,  that  it  would  be 
ridiculousaflfectation  in  any  engineer  to  take  it  into  account ; 
and  this  is  one  great  ground  of  preference  to  tins  natural 
power.  •  The  same  thing  may  be  said,  of  the  action  of  a 
strong  and  light  spring,  which  is  therefore  another  very 
eligible  first  mover  for  machinery.  The  ancient  artillerists 
had  discovered  this,  and  employed  it  in  their  warlike  en- 
gines. 

W^  must  also  attend  to  the  nature  of  the  resistance  which 
the  work  to  be  performed  opposes  to  the  motion  of  our  ma- 
chine. Sometimes  the  work  opposes  not  a  simple  obstruc- 
ti<»),  but  a  real  resistance  or  re-action,  which,  if  applied 
done  to  the  machine,  would  cause  it  to  move  the  contrary 
way.  This  always  obtains  in  cases  where  a  heavy  body  is 
to  be  raised,  where  a  spring  is  to  be  compressed,  and  in 
some  other  cases.  Very  often^  however,  there  is  no  such 
contrary  action.  A  fiour-mill,  a  saw-mill^  a  boring-mill, 
and  many  such  engines,  exhibit  no  reaction  of  this  kind. 
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Bui  although  such  macbineiy  when  at  vest  or  not  impdied 
bjr  the  firal  mover,  sustain  no  preissure  in  the  opposite  di- 
Taction^  yet  they  will  not  acquire  any  motion  whatever^  un- 
less- they  be  impeHed  by  a  power  of'  a  certain  determinate 
intensity.  Thus,  in  a  saw-mill,  a  certain  force  must  be  im« 
pressed  on  the  teeth  of- the  saw,  that  the  cohesion  of  the 
fibres  of  the  timber  may  be  overcome.  This  requires  that 
a  certain  fbroe,  determined  by  the  proportions  of  the  lOMr 
chine,  be  impressed  on  the  impelled  point.  If  this,  and  no 
more,  be  applied  there,  a  force  will  be  excited  at  the  teeth 
of  the  saw  which  will  balance  the  cohesion  of  the  wood,  but 
will  not  overcome  ii.  The  machine  will  ccmtinue  at  resl^ 
and  no  work  will  be  performed.  Any  addition  of  force*  at 
the  impelled  point  will  occasion  an  addition  to  the  force  ex- 
cited in  the  teeth  of  the  saw.  The  cohesion  will  be  over- 
come,  the  machine  will  move,  and  work  will  be  performed. 
It  is  only  this  addition  to  the  impelling  power  that  givev 
motion  to  the  machine;  the  rest  being  expanded  merely  ia 
balancing  the  cohesion  of  the  woody  fibres.  While,  there- 
fore, the  machine  is  in  motion^  performing  work,  we  must 
CMisider  it  as  actuated  by  a  force  impressed  on  the  impek 
led  point  by  the  natural  power,  and  by  another  acting  at 
the  working-point,  furnished  by,  or  derived  from,  the  re* 
sistance  cf  the  work. 

Again :  It  not  unfrequently  happens  that  there  is  not 
even  any  such  resistance  or  obstruction  excited  at  the 
working-point  of  the  machine ;  the  whole  resistance  (if  we 
can  with  propriety  give  it  that  name)  arises  from  the  ne- 
cessity of  giving  motion  to  a  quantity  of  inert  and  inactive 
matter.  This  happens  in  urging  round  a  heavy  fly,  as  in 
the  coining-press,  in  the  punching-engine^  in  drawing  a 
body  along  a  horizontal  plane  without  friction,  and  a  few 
similar  cases.  Here  the  smallest  force  whatever,  applied  at 
the  impelled  point,  will  begin  motion  in  the  machine ;  and 
the  whole  force  so  applfed  is  consumed  in  this  service. 
Such  cases  are  rare  as  the  ultimate  performance  of  a  mar 
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diine;  but  oocationflUyy  and  fer'a  fivtber  purpose^  they 
freqainiiy  occur;  and  it  b  ■ectafavj  to  consider  them, 
becmae  diere  are  many  of  thoHMMl  ifflpertanl  iliq>lioations 
of  madiinery  where  a  vefy  oonriderable  pait  of  die  force  is 
eipended  in  this  part  of  the  ^;eneral  task. 

Sadi  are  the  chirf  drcomstanees  of  distincUon  among 
did  mechanical  powers  of  nature  irfaleh  must  be  attended 
kh  in  order  to  know  die  motbn  and  performance  of  a  ma^ 
diine*  These  nearer  occur  In  the  stutical  consideration  of 
tlie  machine^  but  here  they  are  of  ddcf  importance. 

86.  But  &rther :  The  action  of  the  moving  power  is 
iransftrred  to  the  working^point  throu^  the  parts  of  a  ma- 
diine^  whidi  are  material,  inert,  and  heavy.  Or,  to  de- 
acribe  it  more  accnratdy,  before  the  neeessaiy  force  can  be 
esdted  at  the  wmrking-polnt  of  the  machine,  the  various 
oeimecting  forces  must  be  exerted  m  the  different  parts  of 
the  machine ;  and,  iti  order  that  the  working-point  may 
foOow  out  the  impresdon  afaneady  made^  all  the  cminecting 
parts  or  limbs  of  the  machine  must  be  mtreed  in  different  di- 
iections,  and  with  different  velocities.  Force  is  necessary  for 
thus  changing  the  state  of  all  this  matter,  and  frequ^itly  a 
very  considerable  force.  Hme  must  also  dapse  before  aU  this 
can  be  accomplished.  This  often  consumes^  and  really 
wastes^  a  great  part  of  the  impelling  power.  Thus,  in  a 
tnoM  worked  by  men  walking  in  a  wheel,  it  acquires  mo- 
tion by  slow  degrees ;  because,  in  order  to  give  sufficient 
Mom  for  the  action  of  the  number  of  men  or  cattle  that 
are  necessary,  a  very  capadous  wheel  must  be  employed, 
mntaining  a  great  quantity  of  inert  matter.  All  of  this 
kaust  be  put  in  motion  by  a  very  moderate  preponderance 
-of  the  men.  It  accelerates  sk>wly,  and  the  load  is  raised. 
When  it  has  attained  the  required  height,  all  this  matter, 
now  in  considerable  motion,  must  be  stopped.  This  can* 
not  be  done  in  an  instant  with  a  jolt,  which  would  be  verj' 
•IliGonvenient,  and  even  hurtful ;  it  is  therefore  brought  to 
Test  gradually.    This  also  consumes  time :  nay,  the  wheel 
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must  get  a  motion  in  the  contrary  direction^  that  the  load 
may  be  lowered  into  the  cart  or  lighter.  This  caii  only  be 
aooomplished  by  degrees.  Then  the  tackle  most  be  lowec^ 
ed  down  again  for  another  losd,  which  also  must  be  done 
gradually.  All  this  wastes  a  great  deal  both  of  time  and  of 
forces  and  renders  a  waUung-wheel  a  vay  improper  fijrm 
for  the  first  mover  of  a  crone,  or  any  machine  whose  use  re- 
quires such  frequent  changes  of  motion.  The  same  thing 
obtains,  althou^^  in  a  lower  degree,  in  the  steam-^gine^ 
'  where  the  great  beam  and  pump-rod%  sometimes  weigbipg 
Teiy  many  tons,  must  be  made  to  acquire  a  very  brisk  mo- 
tion in  opposite  directions,  twice  in  every  working-stroke. 
It  obtains,  in  a  greater  or  a  less  degree,  in  all  engines  which 
have  a  reciprocating  motion  in  any  of  their  parts.  Pump- 
mills  are^  of  necessity,  subjected  to  this  inconvenience.  In 
the  fiunous  engine  at  Marly,  J  g  of  the  whole  moving  power 
of  some  of  the  water-wheek  is  employed  in  givii^  a  reci» 
procating  motion  to  a  set  of  rods  and  chains,  which  extend 
^Brom  the  wheels  to  a  cistern  about  three-fourths  of  a  mile 
distant,  where  they  work  a  set  of  pumps.  This  engine  is, 
by  such  injudicious  construction^  a  monument  of  magnifi- 
cence^ and  the  struggle  of  ignorance  with  the  unchangeable 
Jaws  of  nature.  In  machines,  all  the  parts  of  which  conti* 
nue  the  direction  of  their  motions  unchanged,  the  inertia  of 
a  great  mass  of  matter  does  no  harm,  but,  on  .the  contrary, 
contributes  to  the  steadiness  of  the  motion,  in  spite  of  small 
inequalities  of  power  or  resistance  or  unavoidable  irregu- 
larities of  force  in  the  interior  parts.  But  in  all  reciproca- 
tions, it  is  hi^ly  prejudicial  to  the  performance;  and 
therefore  constructions  which  admit  such  redprdcation 
without  necessity,  are  avoided  by  all  intelligent  engineers. 
The  mere  copying  artist,  indeed,  who  derives  all  his  know- 
ledge from  the  common  treatises  of  mechanics,  will  n.evelr 
suspect  such  imperfections,  because  they  do  not  occur  in 
the  statical  consideration  of  machines. 

87.  Lastly,  no  machine  can  move  without  a  mutual  rub*- 
bing  of  its  parts  at  all  points  of  communication ;  such  as 
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the  te^  of  wheel- work,  the  wipers  and  lifts^  and  (he  gtrd* 
gbom  of  its  different  axes.  In  many  machines,  the  ultimate 
task  performed  by  the  working^point  is  either  friction,  or 
▼eiy  much  resembles  it.  This  is  the  case  in  polishing- 
nullsy  grinding-mills,  nay,  in  boring-mills,  saw-mills,  and 
others.  A  knowledge  of  friction,  in  all  its  varieties,  seems 
therefore  absolutely  necessary,  even  for  a  moderate  ac- 
quaintance with  the  principles  of  machinery.  This  is  a 
▼efy  abstruse  subject;  and  although  a  good  deal  of  atten- 
tion has  been  paid  to  it  by  some  ingenious  men,  we  do  not 
think  that  a  great  deal  has  been  added  to  our  knowledge  of 
it  I  nor  do  the  experiments  which  have  been  made  aecm  to 
us  well  calculated  to  lead  us  to  a  distinct  knowledge  of  its 
nature  and  modifications.  It  has  been  considered  chiefly 
with  a  view  to  diminish  it  as  much  as  possible  in  the  com- 
municating parts  of  machinery,  and  to  obtain  some  general 
ndes  for  ascertaining  the  quantity  of  what  unavoidably  re- 
mains. Mr  Amontonsi  of  the  Royal  Academy  of  Sciences 
at  Paris,  gAve  us,  about  the  beginning  of  this  century,  ther 
chief  information  that  we  have  on  the  subject.  He  disco- 
vered that  the  obstruction  which  it  gave  to  motion  was 
very  nearly  proportional  to  the  force  by  which  the  rubbing 
surfaces  are  pressed  together.  Thus  he  found  that  a  smooth 
oaken  board,  laid  on  another  smooth  board  of  the  same 
wood,  requires  a  force,  nearly  equal  to  one-third  of  what 
presses  the  surfaces  together.  Different  substances  requi- 
red different  proportions. 

88.  He  also  found,  that  neither  theextent  of  the  rubbing 
surfaces,  nor  the  velocity  of  the  motion,  made  any  consi- 
derable variation  on  the  obstruction  to  motion.  These 
were  curious  and  unexpected  results.  Subsequent  observa- 
tions have  made  several  corrections  necessary  in  all  these 
propositions  ;*  but  since  the  deviations  from  Mr  Amonton's 


♦  The  most  recent  and  yaluable  experiments  on  the  subject  of  friction  wert 
BMide  bj  the  celebrated  Coulomb.  He  found  that  the  friction  increased  with 
the  time  daring  which  the  robbing  lurfaoes  were  in  contact ;  aod  that  it  ta- 
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rules  are  not  very  considerable,  at  least  ia4he  cases  wjiich 
occur  in  this  general  consideration  of  machines,  we  shall 
make  use  of  it  in  the  mean  time.  It  gives  us  a  very  easy 
method  of  estimating  the  effect  of  friction  on  machines.  It 
is  a  certain  proportion  of  the  mutual  pressure  of  the  rub- 
bing surfaces,  and  therefore  must  vary  in  the  same  propor- 
tion with  this  pressure.  Now,  we  learn  from  the  priadpiet 
of  statics,  that  whatever  pressures  are  exerted  on  the  im- 
pelled and  working-point  of  the  machine^  all  the  pressnrea 
on  iu  different  parts  have  the  same  constant  proportion  to 
thcse^  and  vary  as  these  vary :  Therefore  the  whole  friction 
of  the  machine  varies  in  the  same  proportion.  But  farther, 
since  it  is  found  that  the  friction  does  not  sensibly  change 
with  the  velocity,  the  force  which  is  just  suflBcient  to  oveih 
oome  the  friction,  and  put  the  loaded  machine  in  modem, 
must  be  very  nearly  the  same  with  the  force  expended  in 
overcoming  the  friction  while  the  machine  is  moving  with 
any  velocity  whatever,  and  performing  work.  Therefore^ 
if  we  deduct  from  the  force  which  just  puts  the  loaded  ma- 
chine in  motion,  that  put  of  it  which  balances  the  reactkm 
of  the  impelled  point  occasioned  by  the  resistance  of  the 
work,  or  which  balances  the  resistance  of  the  work,  the  rfr- 
maind^  is  the  part  of  the  impelling  power  which  is  empfey- 
cd  in  overcoming  the  friction.    1^  indeed,  the  actual  xo^ 


craated  alio  wiUi  the  Telocity,  the  friction  being  nearly  in  an  aritbmetieal 
propcuion,  while  the  Telocity  was  in  a  geometrical  progreision.  It  appeared 
in  general  that  friction  wai  proportional  to  the  force  with  which  the  robbiag 
f  orfiicet  were  pieated  together,  and  was,  for  the  most  part,  eqaal  to  between 

^  and  i  of  that  force.  When  oak  mbbed  against  pine,  it  was  ptt*  Whenpfna 


I  1 

robbed  against  pine,  it  was  j—,  and  oak  against  oak  ^rrz.  When  iron  rob- 
bed against  bnm  the  friction  was  least,  and  was,  in  that  case,  ^  of  the  force 
of  pressure.  A  fall  account  of  Coalomb's  experiments  wiU  be  found  in^the 
Memairei  iet  Stnmu  Euattgen,  torn.  x. ;  and  a  popular  abstract  of  them  i« 
Faignsoo's  Lectaresj  toI.  ii.  p.  SS9.— Sa. 
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sislJDg  pressure  of  the  work  varies  with  the  velocity  of  the 
working-point,  sU  the  pressures,  and  all  the  frictioos  in  the 
diffi»'«it  communicating  parts  of  the  machine^  vary  in  the 
same  proportion.  But  the  law  of  this  variation  of  working 
iseiistance  being  known,  the  friction  is  again  ascertained. 

We  can  now  state  the  dynamical  equilibrium  of  forces  in 
the  working  machine  in  two  ways.  We  may  either  consi- 
der the  efficient  impelling  power  as  diminished  by  all  that 
portion  which  is  expended  in  overcoming  the  friction,  and 
whidi  only  prepares  the  machine  for  performing  work,  or 
we  may  consider  the  impelling  power  as  entire,  and  the 
work  as  increased  by  the  friction  of  the  machine;  that  is, 
we  may  suppose  the  machine  without  friction,  and  that  it 
iB  loaded  with  a  quantity  of  additional  resistance  acting  at 
the  working-point.  Either  of  these  methods  will  give  the 
same  result,  and  each  has  its  advantages.  We  adopted  the 
last  method  in  the  slight  view  which  we  took  of  this  subject 
in  the  article  Rotation,  and  shall  therefore  use  it  here. 

Supposing  now  this  previous  knowledge  of  all  these  va« 
liable  circumstances  which  affect  the  motion  of  machines 
of  the  rotative  kind,  so  that^  for  any  momentary  position 
0f  it  while  performing  work,  we  know  what  are  the  precise 
pressures  acting  at  the  impelled  and  working-points,  and 
the  ooostruction  of  the  machine^  on  which  depend  thefric-* 
tion,  and  the  momentum  of  its  inertia  (expressed  in  the 

article  Rotation  by /jp  r*);  we  are  now  in  a  condition  to 

determine  its  motion,  or  at  least  its  momentary  accelera- 
liosi,  competent  to  that  position.    Therefore, 

80.  Let  there  be  a  rotative  machine,  so  constructed,  that 
^>^M*  it  is  performing  work,  the  velocity  of  its  impelled 
fP^  ^  to  that  of  its  working-point  as  m  to  n.  It  is  easy  to 
~***wtrat^  from  the  common  principles  of  statics,  that  if 
" Jjf'*"^P'*  ^heel  and  axle  be  substituted  for  it,  having  the  ra- 
of  the  wheel  to  that  of  the  axle  in  the  same  proportion 
to  It}  and  having  the  same  momentum  of  friction  and 
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kiertia^  and  actaated  by  the  same  prenret  at  the  impdkd 
and  working^pointB^  then  the  velocities  of  these  points  will 
be  precisely  the  fame  as  in  the  given  machine. 

Let  p  represent  the  intensity  (which  may  be  measured  by 
pounds  weight)  of  the  pressure  exerted  in  the  moment  at 
the  impelled  point ;  and  r  express  the  pressure  exerted  at 
the  working-point  by  the  resistance  opposed  by  the  work 
that  is  then  performing.  His  may  arise  from  the  weight 
of  a  body  to  be  raised,  from  the  cohesion  of  timber  to  be 
sawed^  &c.  Any  of  these  resistances  may  also  be  measured 
by  pounds  weight ;  because  we  know  that  a  certain  number 
of  pounds  hung  on  the  saw  of  a  saw-mill)  will  just  over* 
come  this  cohesion^  or  overcome  it  with  any  degree  of  mkf 
periority.  Therefore  the  impelling  power  p^  and  the  re* 
sistance  r,  however  differing  in  kind,  may  be  compared  aa 
mere  pressures. 

Let  X  represent  the  quantity  of  inert  matter  which  murt 
be  urged  by  the  impelling  power  pt  with  the  same  velocity 
as  the  impelled  point,  in  order  that  this  pressure/)  may 
really  continue  to  be  exerted  on  that  point.  'rhu%  if  the 
impelUng  power  is  a  quantity  of  water  in  the  bucket  of  an 
overshot  whed,  acting  by  its  weight,  this  weight  cannot  im- 
pel the  wheel  except  by  impelling  the  water.  In  this  way^ 
X  may  be  considered  as  representing  the  inertia  of  the  im* 
pdling  power,  while  p  represents  its  pressure  on  the  ma^ 
chine.  In  like  manner,  lety  represent  the  quantity  of  ex- 
ternal inert  matter  which  is  really  moved  with  the  veloci^ 
of  the  working^point  in  the  execution  of  the  task  perform* 
ed  by  the  madiine. 

Whatever  be  the  momentum  of  the  inertia  of  the  mar 
chine^  we  can  always  ascertain  what  quantity  of  matter,  at- 
tadied  to  the  impelled  point,  or  the  working-point  of  the 
wheel  and  axle^  will  require  the  same  force  to  give  the 
wheel  the  same  angular  motion ;  that  is,  which  shall  have 
the  same  momentum  of  inertia.  Let  the  quantity  a,  attache^ 
to  the  working-point,  give  this  momentum  of  inertia  a  n*. 
•   Lastlyt  supposing  that  the  wheel  and- axle  have  no  frie- 
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tioD,  let/ be  such  areabtanoei  thatt  if  applied  to  the  work- 
ing-point* it  shall  give  the  same  obstruction  as  the  friction 
of  the  machine,  or  require  the  same  force,  at  the  impelled 
point  to  overcome  it. 

90.  These  things  being  thus  established,  the  angular 
velocity  of  the  wheel  and  axle,  that  is,  the  number  of 
turns,  or  the  portion  of  a  turn,  which  it  will  make  in  a 
given  time,  will  be  proportional  to  the  fraction 

p.m.  —  r  +  fm      jj^gee  Rotation. 

91.  Since  the  whole  turns  together,  the  velocitiesof  thedif- 
ferent  points  are  as  their  distances  from  the  axis,  and  may 
be  expressed  by  multiplying  the  common  angular  velocity 
by  these  distances.  Therefore  the  above  formula,  multiplied 
by  m  or  n,  will  give  the  velocity  of  the  impelled  or  of  the 
working-point.     Consequently, 

Vekxity  of  impelled  point  =  - —  ■ — r-*   (11.) 

X  fn   +  «  +  yn 

Velocity  of  working-point  =  ^ —  T-'       .    ( HI.) 

xm    +  a  +^  n. 

In  order  to  obti^in  a  clear  conception  of  these  velocities, 
we  must  compare  them  with  motions  with  which  we  are 
well  acquainted*  The  proposition  being  universally  true, 
we  may  take  a  case  where  gravity  is  the  sole  power  and  re- 
sistance ;  where,  for  example,  p  and  r  are  the  weights  of 
the  water  in  the  bucket  of  a  wheel,  and  in  the  tube  that  is 
raised  by  it.  In  this  case,  />  =  x»  and  r  =^.  We  may  al- 
so, for  greater  simplicity,  suppose  the  machine  without  in- 

ertia  and  friction.    The  velocity  of  p  is  now  PJ!!_zzL!!!l^, 

•^      ^  /)  w*  +  r  tr 

92.  Let  g  be  the  velocity  which  gravity  generates  in  a 
second.  Then  it  will  generate  the  velocity  g  t  in  the  mo- 
ment f.  Let  V  be  the  velocity  generated  during  this  mo- 
ment in  pf  connected  as  it  is  with  the  wheel  and  axle,  and 
with  r.  This  connection  produces  a  change  of  condition 
=  g  <  —  t?.     For,  had  it  fallen  freely,  it  would  have  acqui- 
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red  ibe  relodty  g  i,  whereas  it  onl  jr  acquirei  the  velocity  t>. 
In  like  manner,  bad  r  fallen  freely,  it  wooU  have  acquired 
the  velocity  g  i.    But,  instead  of  this,  it  is  raised  with  the 

velocity  — r.     The  change  on  it  is  therefore  =  gf  -^ — v. 

These  changes  of  mechanical  condition  arise  from  their 
connection  wi^i  the  corporeal  machine.  Their  pressures 
on  it  bring  into  action  its  connecting  forces,  and  each  of  the 
two  external  forces  is  in  immediate  equilibrium  with  the 
force  exerted  by  the  other.  The  force  excited  at  the  im- 
pelling point,  by  r  acting  at  the  working-point,  may  be 
called  the  momentum  or  energy  of  r.  These  energies  are 
precisely  competent  to  the  production  of  the  changes  which 
they  really  produce,  and  must  therefore  be  conceived  as 
having  the  same  proportions.  They  are  therefore  equal 
and  opposite,  by  the  general  laws  observed  in  all  actions  of 
tangible  matter ;  that  is,  they  are  such  as  balance  each 
other.  Thus,  and  only  thus,  the  remaining  motions  are 
what  wc  observe  them  to  be. 

Thatis,pXgi--rXm  =:rXgt+  -r  Xn 

m 

Urpmgt — -pmv  =riigf+r — v 

m 

_.  •  •  .  . 

Orpm^gt — pm*r  =:rmngt+rn*v 


Orp m*  —  rmn  X  gt  =:pm*+  rn*  X  v 

That  l9,pm*+  rn^  :  pm*  —  rmn  =  g  i  :  i 
That  is,  the  denominator  of  the  fraction,  expresiing  thevelo^ 
city  of  the  impelled  pointy  is  to  the  numerator,  as  the  velocity 
which  a  heavy  body  would  acquire  in  the  moment  i,  by  falling 
free/y,  is  to  the  velocity  which  the  impelled  point  acquires  in 
that  'moment.  The  same  thing  is  true  of  the  velocity  of  the 
working-point. 

This  reasoning  suflers  no  change  from  the  more  compli- 
cated nature  of  the  general  proposition;  Here  the  impel- 
ling power  is  stiD/i^  but  the  matter  to  be  accelerated  by  it  at 
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the  working-poinC  is  a  +^  while  its  reaction^  dfaninidihig 
the  impelling  power^  is  only  r.  We  have  only  to  consider, 
in  this  case,  the  Telocity  with  whidi  a  +^ would  &11  freely 
when  impelled,  not  by  a  -f  y,  but  only  by  r.    The  result 

would  be  the  same;  g  t  would  still  be  to  97  as  the  denomi- 
nator of  the  same  fraction  to  its  numerator. 

Thus  have  we  discovered  the  momentary  acceleration  of 
our  machine.  It  is  evident,  that  if  the  pressures/)  and  r, 
and  the  friction  and  inertia  of  the  machine^  and  the  exter<- 
nal  matter,  continue  the  same,  the  acceleration  will  conti- 
nue the  same ;  the  motion  of  rotation  will  be  uniformly  ac- 
celerated, and  J9  m*  +  a+yn^  will  be  to  p  m^  —  r+/fn  n 
as  the  space  s,  through  which  a  heavy  body  would  fall  in 
any  given  time  t^  is  to  the  space  through  which  the  impelled 
point  will  reaUyhave  moved  in  the  same  time.  In  like 
manner,  the  space  through  which  the  working*point  moves 

in  the  same  tune  is  ==2^^?L!L^I±/J!l,. 

p  w*+  a  +yn* 

Thus  are  the  motions  of  the  working-madiine  determi- 
ned. We  may  illustrate  it  by  a  very  simple  example.  Sup« 
pose  a  weight  p  of  five  pounds,  descending  fi*om  a  pulley, 
and  dragging  up  another  weight  r  of  three  pounds  on  the 
other  side,    m  and  it  are  equal,  and  each  may  be  called  1. 

The  formula  becomes  ^-^^^^s^  or s.  or  2j^  =  -5.  There- 

p+r^      5+3         8^      4 

fore,  in  a  second,  the  weighty  will  descend  ith  of  l6  feet^ 
/or  4  feet ;  and  will  acquire  the  velocity  of  8  feet  per  second. 
93.  Having  obtained  a  knowledge  c^  the  velocity  of  every 
point  of  the  macliine,  we  can  easily  ascertain  its  perform- 
ance. This  depends  on  a  combination  of  the  quantity  of 
resistance  that  is  overcome  at  the  working-point,  and  the 
velocity  with  which  it  is  overcome.  Thus,  in  raising  water, 
k  depends  on  the  quantity  (proportional  to  the  weight)  of 
water  in  the  bucket  or  pump,  and  the  velocity  with  which 
it  is  lifted  up.    '|!'his  will  be  had  by  multiplying  the  third 


Ibrmidft  hyr$  or  by  r  g  ^  or  by  r  i.    Tberefine  ire  obtain 
thi$  aprei8km» 

WoAdone  =P  *"  *"  "-Z±?l''  "*  g  I   (IV.) 

l^ndi  is  the  general  ezprestion  of  the  momentary  per^ 
£>noance  of  the  machinis  incladlng  eveiy  circumstance 
which  can  a&ct  it  Bnt  a  Tariation  of  those  circnmstan- 
ees  produces  great  changes  in  the  results.  These  must  be 
distinct]^  noticed. 

Cor^  1.  Ifp  m  r  n  be  equal  tor +/r  n*,  there  will  be 
no  work  don^  because  the  numerator  of  the  fraction  i$ 
annihilated.  There  is  then  no  unbalanced  force,  and  the 
natural  power  is  only  able  to  balance  the  pressure  propaga- 
fed  fixym  the  ^orking-point  to  the  impelled  point. 

2.  In  like  manner,  if  n  =  o,  no  work  is  done  although 
the  machine  turns  round.  The  working-point  has  no  mo- 
lion*  For  the  same  reason,  if  m  be  infinitdy  great,  although 
there  if  a  great  prevalence  of  impelling  momentum,  there  will 
not  be  any  sensible  performance  daring  a  finite  time.  For 
the  velocity  vdnch  p  can  impress  is  a  finite  quantity,  and 
the  impdled  point  cannot  more  fiuiter  than  ;r  would  be  mo- 
ved by  it  if  detadied  from  the  machine.  Now,  when  t^e 
infinitdv  remote  impelled  point  is  moved  through  any  finite 
spacer  tiie  motion  of  the  working-point  must  be  infinite^ 
less,  or  nothing,  and  no  work  will  be  done. 

Banark.  We  see  that  there  are  two  vakes  of  ir,  viz.  ^ 

and  m  X  E,,  which  give  no  performance.    But  in  all  other 

proportions  of  ai  and  n,  some  work  is  done.  Therefor^  as 
we  gradually  vary  the  proportion  of  m  to  n,  we  obtaina  se- 
ries of  values  expressing  the  performance,  which  must  gni- 
dualiy  increase  firom  nothing^  and  then  decrease  to  nothing. 
There  must,  therefore,  be  some  proportion  of  m  to  it,  de- 
pending on  the  proportion  o{p  to  r  4*y,  and  of  si/oa+j^ 
which  will  give  the  greatest  possible  value  of  the  perform- 
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anoe.'  And,  on  tKe.  other  hand^  if  th^  proportion  of  m  to 
n  be  already  determined  by  the  construction  of  the  machine 
already  c^ccted>  there  must  be  some  proportion  of  /i  to 

r  -fji  and  of  x  to  a  +  ^»  by  which  the  greatest  perform- 
^ce  of  the  machine  may  be  ensured.  It  is  evident  that  the 
determination  of  these  two  proportions  is  of  the  utmost 
importance  to  the  improvement  of  machines.  The  well«in- 
formed  reader  will  pardon  us  for  endeavouring  to  make 
this  appear  more  forcibly  to  those  who  are  less  instructed, 
by  means  of  some  very  simple  examples  of  the  first  principle. 

Suppose  that  we  haye  9^  stream  of  water  affording  three 
tons  per  minute,  and  that  we  want  to  drain  a  pit  which  re- 
ceives  one  ton  per  minute^  and  that  this  is  to  be  done  by  a 
wheel  and  axle  ?  We  wish  to  know  the  best  proportion  of 
t)ieir  diameters  m  and  ft.  Let  m  be  taken  =  6  $  and  sup- 
jpose^ 

1.  That  n  =  5. 

Then  y  fn  r  n—r^  n*     S.6.\.Sr-\M      65  ^Q^^gpY 
^"^     pm*  +  rn*       S.:J(>  +  1.S6'     135'    ^ 

d.  Let  n  be  =  6.    The  formula  is  s  0.5. 

3.  Let«  =7*  The  formula  is  =0^49045.  Hence  we 
find^  that  the  performance  is  greater  when  n  is  6^  than 
when  it  is  either  5  or  7. 

As  an  example  of  the  second  principle^  suppose  the  ma- 
chine a  simple  pulley,  and  let  p  be  10. 

1.  LetrbesS.    The  formula  is  ^!2A±Z?,=:li,  = 

10+3  13 

1,6134. 

2.  Letrbe=;4.    The  formula  is  =  ^QX4— 16   ,24 

10+4     '      14 

=5  1,7 148. 

3.  Let  r  be  =  3.    The  formula  Is  =  ^0X5^5^  _25 

10+3  15 

=  1,6666.    Here  it  appears  that  more  work  is  done  when 
r  is  4|  than  when  it  is  5  or  3. 
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It  musti  therefore^  be  allowed  to  be  one  of  the  most  im* 
portMit  jpfoblems  in  practical  mechanics  to  determine  that 
coDstmction  by  which  a  given  power  shalLoTercome  tf  given 
VHistance.with  the  greatest  advantage,  and  the  proportion 
of  work  which  should  be  given  to  a  machine  already  con« 
stmctsd  so  as  to  gain  a  similar  end. 

94.  I.  Tlic  general  determination  of  the  first  question 
has  but  little  difficulty.  We  must  consider  n  as  the  vari- 
able magoiUide  in  the  formula  ^ '^^ ,  which 

expresses  the  work  done,  and  find  its  value  when  the  for* 
mula  is  a  maximum.  Taking  this  method,  we  shall  find 
that  the  formula  IV.  is  a  maximum  when  n  is 

_  ^V 1*  {r  +fr  +p^  x(a+y)\—x{r+n 

This  expression  of  the  performance,  in  its  best  state,  ap- 
pears pretty  complex ;  but  it  becomes  much  more  simple  in 
all  the  particular  applications  of  it,  as  the  drcumsianccs  of 
the  case  occur  in  practice. . 

We  have  obtained  a  value  of  u  expressed  in  parts  of  nt. 
If  we  substitute  this  for  n  in  the  third  formula,  we  obtain  the 
greatest  velocity  with  which  the  resistance  r,  connected  with 
the  inertia  5^,  can  be  overcome  by  the  power  p^  connected 
with  the  inertia  x,  by  the  intervention  of  a  machine,  whose 
momentum  of  inertia  and  friction  are  a  n*  and  fn.    This 


ex- 


is^^^M.x(s/l^^±^+l  -l)gi.      This 

presses  the  velocity  of  the  working-point  in  feet  per  second, 
and  therefore  the  actual  performance  of  the- machine. 

But  the  proper  proportion  of  m  to  f/,  ascertained  by  this 
process,  varies  exceedingly,  according  to  the  nature  both 
of  the  impelling  power,  and  of  the  work  to  be  performed 
by  the  machine. 

J.  It  frequently  happens  that  the  work  exerts  no  con- 
trary strain  on  the  machine,  and  consists  merdiy  in  im- 
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pdliDg  a  body  which  remU  oiiljr  by  its  inertia.  Tbis  is 
the  caie  in  urging  roniid  a  milktooe  or  a  hea^  fly ;  in 
mging  a  body  along  a  horizontal  pkme^  Sec  In  this 
dse  r  does  not  enter  into  the  forarakt  whidi  now  be- 

p  («  +y/ 

y— — »——    III  ■ 
K  /q  !L  yvl » 


t^m»/. 


T 


••  The  velocity  of  the  working-point  is  near* 
)y  s       ^      -.    In  this  case,  it  will  be  found  that  the 

velocity  acquired  at  the  end  of  a  given  time  will  be  nearly 
in  the  proportion  of  the  power  applied  to  the  machine. 

£•  On  the  other  hand^  and  more  frequently,  the  inertia 
of  the  external  matter  which  must  be  moved  in  performing 
the  work,  need  not  be  rc^;arded.  Thus,  in  the  grinding  of 
grain^  sawing  of  timber^  boring  of  cylinders^  &c  the  quan* 
tity  of  motion  communicated  to  the  flour,  to  the  sawdust, 
&c.  is  too  insignificant  to  be  taken  into  the  account  In 
this  case,  y  vanishes  from  the  formula,  which  becomes  ex- 
tremely simple  when  the  friction  and  inertia  of  the  machine 
are  inconsiderable.  We  shall  not  be  far  from  the  truth  if  we 

make  m  to  n  as  2  r  to  n^  or  n  =:  m  X  ■    ^     -.  In  this  case, 
the  velocity  of  the  working-point  is — 


But  it  is  rare  that  machines  of  this  kind  have  a  small  iner- 
tia. They  are  generally  very  ponderous  and  powerful ;  and 
the  force  which  is  necessary  for  generating  even  a  very  mo- 
derate motion  in  the  unloaded  machine,  (that  is,  unloaded 
with  any  work^  bears  a  great  proportion  to  the  force  ne- 
cessary for  overcoming  the  resistance  opposed  by  the  work. 
1  he  formula  must,  therefore,  be  used  in  all  the  terms,  be- 
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a  k  joined  widi  y.  It  would  have  been  mmfier  in 
jmxtieaiKf  had  a,  been  joined  wilh  or  in  the  expression  of 
Ike  mugdiar  velocity. 

3.  In  some  cases  we  need  not  attend  to  the  inertia  of  the 
power,  as  in  the  steom-engiae.  In  this  case^  if  taken  striot- 
fy»  n  appears  to  have  no  value,  because  x  is  a  &ctor  of  eveiy 
term  of  the  numerator.  Bat  the  formula  gives  this  general 
indication,  that  the  more  insignificant  the  inertia  of  die 
moving  power  is  sojqxMed,  the  larger  should  in  be  in  pro- 
portion to  ft ;  provided  always,  that  the  impelling  power  is 
not,  by  its  nature,  greatly  diminished,  by  giving  so  great  a 
velod^  to  the  impdled  point  This  circumstance  will  be 
particularly  considered  afterwards. 

4.  If  the  inertia  of  the  power  and  the  resistance  be  pro- 
portional to  their  pressures,  as  wh^i  the  impelling  power  is 
water  lying  in  the  buckets  of  an  ovtershot  wheel,  and  the  work 
IS  the  raising  of  water,  minerals^  or  other  heavy  body,  act- 
ing onfy  by  its  weight ;  then  p  and  r  may  be  substituted  for 
X  and  tfj  and  the  formula  e3q)ressing  the  value  of  n,  when 
the  performance  is  a  maximum^  becomes 

^p^xiqFF+y^xa"+T|-pxrl7, 

^-^  pXa+r 

I^  in  this  case^  the  inertia  and  friction  of  the  machine 
may  be  disregarded,  as  may  often  be  done  in  pulleys,  we 
have 

If  we  make  m  the  unit  of  the  radii,  and  r  the  onit  of 
Ibrc^  we  have 

n  =  Vp  +  1  —  1,  in  parts  of  m  =  1. 
Or,  makingp=  1,  we  have  n  =  ^ h  1 — 1. 


These  very  simple  expressions  are  of  considerable  use« 
even  in  cases  where  the  inertia  of  the  machine  is  very  con- 
siderable, provided  that  it  have  no  reciprocating  motions. 
A  simple  wheel  and  axle^  or  a  train  of  good  wheel-work. 
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have  very  moderate  friction.  The  general  results,  there-» 
ibre^  which  even  very  unlettered  readers  jcan  deduce  front 
these  simple  formulae,  will  give  notions  that  are  useful  in 
the  cases  which  they  cannot  so  thoroughly  comprehend. 
Some  service  of  this  kind  may  be  derived  from  the  follow- 
ing little  table  of  the  best  proportions  of  tn  to  n,  corre- 
sponding to  the  proportions  of  the  power  furnished  to  the 
engineer,  and  the  resistance  which  must  be  overcome  by  iu 
The  quantity  r  is  always  =:  10,  and  m  :=  1.* 


p 

1 

91 

OfiiS809 

& 

n 
0,732051 

2 

0,095445 

21 

.  0,760682 

S 

0,140175 

22 

0,788^54 

4 

0 183216 

23 

0,816590 

5 

0,2ii4745 

24 

0343900 

6 

0,264911 

25 

0,870800 

7 

0,503841 

26 

0,897300 

8 

0,;^1641 

27 

0,923500 

9 

0,378405 

28 

0,949400 

10 

0,414214 

.   29 

0,974800 

This  must  suffice  for  a  very  general  view  of  the  first  pro- 
blem. 

05.  II.  The  next  question  is  not  less  momentous^  name- 
ly, to  determine  for  a  machine  of  a  given  construction  that 
proportion  of  the  resistance  at  the  working- point  to  the  im- 
pelling power  which  will  insure  the  greatest  performance  of 
the  machine;  that  is,  the  proportion  oi  m  to  n  being  given, 
to  find  the  best  proportion  of  p  to  r. 

This  is  a  much  more  complicated  problem  than  the 
other ;  for  here  we  have  to  attend  to  the  variations  both  of 
the  pressures  p  and  r,  and  also  of  the  external  matters  x 
and  y,  which  are  generally  connected  with  them.  It  will 
not  be  sufficient,  therefore,  to  treat  the  que^^tion  by  the  usual 


•  We  have  recoinpuied  thin  table  fjomlhc  forraala,  extending  the  numbers 
two  decimal  places,  and  adding  the  values  of  n  for  several  iulerinediatc  va- 
Ineaof  j9.— £d. 
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ibixiaiiAry  process  for  determmiiig  the  mwitwnti»  in  #&{ch 
r  18  eoDftidered  as  the  only  varyhig  qmntity.  We  miiar, 
in  this  cursory  discassion,  rest  satisfied  with  a  comprdieiH 
sion  of  the  circumstances  which  most  generally  pi^fatt  in 
practice. 

It  must  either  h^^n,  that  when  r  changesi  there  is  no 
change  (that  i%  of  moment)  in  the  mass  of  external  ma^er 
which  must  be  moved  in  performing  the  work,  or  thai 
there  is  also  a  change  in  this  circumstance.  If  no  chai^ 
happens,  the  denominator  of  the  fourth  formula^  expremag 
the  performance^  remains  the  same ;  and  then  the  formula 

attains  a  maximum  when  the  numerator  prm  n-—  r  +/r  n* 
is  a  maximum.  Also,  we  may  indudey  without  complica- 
ting the  process,  by  the  consideration,  that  y  is  always  !■ 
nearly  the  same  ratio  to  r;  and  therefore  r  +/*  ^^J  be 
considered  as  a  certain  multiple  of  r,  such  as  &  r.  We  msf, 
therefore^  omity  in  the  fluxionary  equaticms  for  obtaining 
the  maximum,  and  then^  in  computing  the  performance^ 
divide'the  whole  by  &    Thus  if  the  whole  friction  be  ^^^th 

of  the  resisting  pressure  r,  we  have  r  -f  /  =  —  of  r,  and 
b  =  — .  Having  ascertained  the  best  value  for  r,  we  put 
this  in  its  place  in  the  fourth  formula,  and  take  —  of  this 


for  the  performance.  This  will  never  differ  much  fioom  the 
truth. 

This  process  gives  us  p  m  «  =  2  »*  f ,  and  r  =  £ — ^, 
=  ^— 9  and  if  we  fiirther  simplify  the  process,  by  malunig 

/>  =  I,  and  nt  a  I,  we  have  r  s  — ;  a  most  simple  expres- 

sion,  directing  us  to  make  the  resistance  one-half  of  what 
would  balance  the  impelling  power  by  the  intervention  of 
die  machine. 

VOL,  II.  p 
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TIris  win  evidently  npflfy  to  many  rery  important  cases, 
naflotiy,  to  aU  those  in  which  the  matter  put  in  motion  by 
the  working^point  is  bat  trifling. 

Bot  it  abo  happens  in  many  important  cases,  that  the 
diange  is  at  least  equally  considerable  in  the  inertia  of  the 
work.  In  this  case  it  is  very  difficult  to  obtain  a  general  so- 
hition.  But  we  can  hardly  imagine  such  a  change,  without 
iupposing  that  the  inertia  of  the  work  varies  in  the  same 
proportion  as  the  pressure  excited  by  it  at  the  working-point 
of  the  machine ;  for  since  r  continues  the  same  in  kind,  it 
can  rarely  change  but  by  a  proportional  change  of  the  mat- 
ter with  which  it  is  connected.  Yet  some  very  important 
caaes  occur  where  this  does  not  happen.  Such  is  a  machine 
whidi  forces  water  along  a  long  main  pipe.  The  resistance 
to  motion  and  the  quantity  of  water  do  not  follow  nearly 
the  same  ratio.  But  in. the  cases  in  which  this  ratio  is  ob^ 
served,  we  may  represent  y  by  any  multiply  6  r  of  r,  which 
tike. case  in  hand  gives  us ;  b  being  a  number,  integer,  or 
fractional.  In  the  farther  treatment  of  ohis  case,  we  think 
it  more  convenient  to  free  r  from  all  other  combinations ; 
and  instead  of  supposing  the  force  f  (which  we  made  equi- 
valent with  the  friction  of  the  machine)  to  be  applied  at  the 
working-point,  we  may  apply  it  at  the  impelled  point,  ma- 
king the  effective  power  q  ^p  — f»  For  the  same  reasons, 
instead  of  making  the  momentum  of  the  machine's  inertia 
x:  an*,  we  may  make  it  a m*,  and  make  /i  +  x  =  r.  Now, 
supposing  y,  or  p  — f,  =  1^  and  also  m  :=  1,  our  formula 

expressmg'the  performance  becomes r — r-  This  is  a 

z  +  brir 


maximum  when  r  = 


"^  z''  +  zbn  —  z 


bn'' 

Cor.  ] .  If  the  inertia  of  the  work  is  always  equal  to  its 
pressure,  as  when  the  work  consists  wholly  in  raising  a 
weight,  such  as  drawing  water,  &c.  then  6=1,  and  the 
formula  for  the  maximum  performance  becomes 
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r  s= 


V  Ztf+Z* 2 


W 


€.  If  the  inertia  of  the  impeUing  power  is  sbo  the  same 
with  its  pressure^  and  if  we  may  neglect  the  inertia  and 
friction  of  the  machine^  the  formula  becomes 


VT+T— 1 

r  = -4 • 

tr 


Example.    Let  the  machine  be  a  common  pulley,   so 
that  the  radii  m  and  n  are  equal,  and  therefore  n  =  1. 

Theo,  r  =s  !^^  +  '  ~  S  =  ^  2~  i,  =  0,414«,  &c.  more^ 

than  fths  of  what  would  balance  it. 

Here  follows  a  series  of  the  best  values  of  r,  correspond- 
ing to  different  values  of  n.  m  and  p  are  each  =  1.  The 
numbers  in  the  last  column  have  the  same  proportion  to  1 
which  r  has  to  the  resistance  which  will  balance />•* 


—  < 

1 

s 

1 

9 
1 

2 
8 

4 
5 

6 

7 

S 

9 
10 
11 


r  =: 


1,8885 

0^4724  to  1 

M928 

0,4639 

0,8986 

0,4493 

0,4142 

0/1142 

0,18S0 

0,a660 

0,1111 

0,3333 

0,0772 

0,3088 

0,0580 

0,2900 

0,0451 

0,2742 

0,03731 

0,26117 

0,03125 

0,25000 

0,02669 

0,24021 

0,02317 

0,23170 

0,02037 

0,22407 

0,01809 

0,21708 

«  The  aboTe  table  has  been  extended  to  Taloet  of  n  from  5  to  IS  inefa- 
iiTe,-»SD. 


s 
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From  what  has  now  been  ettMSAei,  we  see^  with  soffi- 
Gient  evideDoe^  the  importance  of  the  liigher  mathematics 
to  the  science  of  mechaoios.  If  the  velocities  of  the  impelled 
aDd  working  points  of  an  engine  are  not  properly  adjnsled 
to  the  pressures^  the  inertia,  and  the  friction  of  the  marhina^ 
we  do  not  derive  all  the  advantages  which  we  might  from  oar 
situation.  Hence  also  we  kam  the  falsity  of  the  maxim 
which  has  been  received  as  well  founded,  that  the  augmenta- 
tion of  intensity  of  any  forces  by  applying  it  to  the  long  arm 
of  a  lever,  is  always  fiiUy  compensated  by  a  loss  of  time ;  or, 
as  it  is  ttsua%  expressed,  '*  what  we  gain  by  a  machine  m 
force  we  lose  in  time/'  If  the  proportion  of  m  to  it  is  well 
chosen,  we  shall  find  that  the  work  done,  when  it  resists  by 
its  inertia  only,  increases  nearly  in  the  proportion  of  the 
power  employed ;  whereas,  when  the  inertia  of  the  work  is 
but  a  small  part  of  the  resistance,  it  increases  nearly  in  the 
duplicate  ratio  of  the  power  employed. 

It  was  remarked,  in  the  setting  out  in  the  present  pro- 
Uem,  that  the  formulae  do  not  immediately  express  the  ve- 
Jocity  of  any  point  of  the  machine^  but  its  momentary  acce- 
leration. But  this  is  enough  for  our  purpose ;  because,  when 
the  momentary  acceleration  is  a  maximum,  the  velocity  ac- 
quired, and  the  space  described,  in  any  given  time,  is  also 
a  maximum.  We  also  shewed  how  the  real  velocities,  and 
the  spaces  described,  may  be  ascertained  in  known  measures. 
We  may  say  in  general,  thai  if  g  represent  the  pressure  of 

•^                       i»      XX         xv      J?  •  ^    pmn — r+fn 
gravity  on  any  mass  of  matter  idu  then  ^  is  to  -t- '^  ^ 

as  16  feet  to  the  space  described  in  a  second  by  the  working- 
point  in  a  second,  or  as  32  feet  per  second  is  to  the  velocity 
Acquired  in  that  time. 

9S.  A  remark  now  remains  to  be  made,  which  is  of  the 
ffi'Mtest  consequence,  and  gives  an  unexpected  turn  to  the 
^hole  of  the  preceding  doctrines.  It  appears,  from  all  that 
'^u  been  said,  that  the  motion  of  a  machine  must  be  uni- 
wrmly  accelerated,  and  that  any  point  will  describe  spaces 


MACHINERY.  81*7 

pi€poflioMl  to  thi  aqiUMft  of  the  times ;  for  wliile  lihe 
jnoimwt  fkitdoiaf  and  momentoni  of  inertia  remain  the 
flMM^  the  monentary  aoceleratioii  muat  ako  be  inTariable. 
BmI  diie  seems  oontrafy  to  all  experience.  Sudi  machines 
aa  are  prcqperiy  coostracted,  and  work  without  joltsi  are  ob» 
served  to  quidken  their  pace  for  a  few  seconds  after  start* 
i^g;  bnt  all  of  them,  in  a  very  moderate  time,  aoqnive  « 
motion  that  is  sensil^jr  unifonn.  Is  our  theory  erroneon% 
or  what  are  the  dreumstances  which  remain  to  be  consi- 
dered,  in  order  to  make  it  agree  with  observation  ?  The 
sciaice  of  machines  is  imperfect,  till  we  have  eKplained  the 
causes  of  this  deviation  from  the  theory  of  uniform  accde- 
ration. 

The  causes  are  various. 

1.  In  some  cases,  every  increase  of  veloeiQr  of  the  ma- 
chine produces  an  increase  of  friction  in  all  its  communica- 
ting parts.    By  these  means,  the  accelerating  foroe^  whidi 

is  jfrn-^-r+ZujOrp— /m— 'rn,  is  diminished,  and  con- 
sequently the  aocderitioil  is  diminished.  But  it  seldom 
hai^fMis  that  friction  takes  away  or  employs  the  whole  ae- 
ednating  foroew  We  are  not  yet  wdl  instructed  in  the 
nature  of  friction*  Most  of  die  kinds  of  friction  which  ob- 
tain in  the  communicating  parts  of  machines^  are  such  as 
do  not  sensibly  increase  by  an  increase  of  vdod^;  some  of 
tbem  really  dindnish.  Yet  even  the  most  accuratdy  coq- 
etracted  machines^  unloaded  with  work^  attain  a  motion 
that  is  sensibly  uniform.  If  we  take  cff  the  pallets  from  a 
pendulum  dock,  and  allow  it  to  mn  down  amain,  it  accde- 
jsates  for  a  whiles  but  in  a  veiy  moderate  time  it  acquires  an 
uniform  motkm.  So  does  a  common  kitch^  jack.  These 
two  machines  seem  to  bid  the  fidrest  of  any  for  an  uni- 
formly aoederaled  motiim ;  for  their  impelling  power  lu^ts 
with  the  utmost  uniformity.  There  is  something  yet  unei^ 
plained  in  the  nature  of  frietfon^  which  takes  away  some  of 
this  aorderation. 
S.  But  theehiefcanaeofitBcessation  in  these  two  instances! 

and  others  cfpeiy  rmfid  nMunh  is  the  resistance  of  the  air. 
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This  arises  from  the  motion  which  is  oommiinicated  to  the 
air  displaced  by  the  swift  moviDg  parts  of  the  machine.  At 
first  it  is  very  small ;  but  it  increases  nearly  in  the  duplicate 
ratio  of  the  velocity  (see  Resistancb  of  Fluidi.)  Thus  r 
increases  continually ;  and,  in  a  certain  state  of  motion, 

r+fn  becomes  equal  to  p  m.  Whenever  this  happens,  the 
acceleratiqg-^  power  is  at  an  end.  The  acceleration  -  also 
ceases;  and  the  machine  is  in  a' state  of  dynamical  equili- 
brium ;  not  at  rest^  but  moving  uniformly,  and  performing 
work. 

d.  Still,  however,  this  is  not  one  of  the  general  causes  of 
the  uniform  motion  attained  by  working  engines.  Rarely 
is  the  motion  of  their  parts  so  rapid,  as  to  occasion  any 
great  resistance  from  the  air.  But  in  the  most  frequent  em- 
ployments of  machines,  every  increase  of  velocity  is  accom- 
panied by  an  increase  of  resistance  from  the  work  perform- 
ed. This  occurs  at  once  to  the  imagination ;  and  few  per- 
sons think  of  enquiring  farther  for  a  reason.  But  there  is, 
perhaps,  no  part  of  mechanics  that  is  more  imperfectly  un- 
derstood, even  in  our  presfent  improved  state  of  mechanical 
science.  In  many  kinds  of  work,  jt  is  very  difficult  to  state 
what  increase  of  labour  is  required  in  order  to  perform  the 
work  with  twice  or  thrice  the  speed.  In  grinding  corn,  for 
instance,  we  are  almost  entirely  ignorant  of  this  matter.  It 
is  very  certain,  that  twice  the  force  is  not  necessary  for 
making  the  mill  grind  twice  as  fast,  nor  even  for  making  it 
grind  twice  as  much  grain  equally  well.  It  is  not  easy  to 
bring  this  operation  under  mathematical  treatment ;  but  we 
have  considered  it  with  some  attention,  and  we  imagine 
that  a  very  great  improvement  may  still  be  made  in  the 
construction  of  grist  mills,  founded  on  the  law  of  variation 
of  the  resistance  to  the  operation  of  grinding,  and  a  scien- 
tific adjustment  of  m  to  //,  in  consequence  of  our  knowledge 
W  this  law.  We  may  make  a  similar  observation  on  many 
otlier  kinds  of  work  performed  by  machines.  In  none  of 
TOose  works  where  the  inertia  of  the  work  is  inconsiderable, 
•>^  We  well  acquainted  with  the  real  mechanical  process  in 
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performiog  it  This  is  the  case  in  sawing-miils,  borings 
milki  roUiDg-mills,  BlittiDg-milk,  and  many  others,  where 
ibe  work  consists  in  overcoming  the  strong  cohesion  of  a 
small  quantity  of  matter.  In  sawing  timber,  (which  is  the 
most  easily  understood  of  all  these  q^erations,)  if  the  saw 
move  with  a  double  velocity,  it  is  very  difficult  to  say  how 
much  the  actual  resisting  pressure  on  the  teeth  of  the  saw 
is  increased.  Twice  the  number  o\  fibres  are  necessarily 
itorn  asunder  during  the  same  dme^  because  the  same  num- 
ber are  torn  by  one  descent  of  the  saw,  and  it  makes  tlutt 
stroke  in  half  the  time.  But  it  is  very  uncertain  whether 
the  resistance  is  double  on  this  account ;  because  if  each 
fibre  be  supposed  to  have  the  same  tenacity  in  both  cases, 
it  resists  with  this  tenacity  only  for  half  the  time.  The  parts 
of  bodies  resist  a  similar  change  of  condition  in  different 
manners ;  and  there  is  another  difference  in  their  resistance 
of  difierent  changes — the  resistance  of  red-hot  iron  under 
the  roller  may  vary  at  a  very  different  rate  from  that  of  its 
resistance  to  the  cutting  tooL  The  resistance  of  the  spindles 
of  a  cotton-mill,  arising  partly  from  friction,  partly  firom 
the  inertia  of  the  heaped  bobins,  and  partly  firom  the  resist- 
ance of  the  air,  is  still  more  complicated,  and  it  may  be  dif- 
ficult to  learn  its  law.  The  only  case  in  which  we  can 
judge  with  some  precision  is,  when  the  inertia  of  matter,  or 
a  constant  pressure  like  that  of  gravity^  constitutes  the  chitf 
resistance.  Thus  in  a  mill  employed  to  raise  water  by  a 
chain  of  buckets,  the  resistance  proceeds  fi*om  the  inertia 
only  of  the  water.  The  buckets  are  moving  with  a  certain 
velocity,  and  the  lowest  of  them  takes  hold  of  a  quantity  of 
water  lying  at  rest  in  the  pitj  and  drags  it  into  motion  with 
its  acquired  velocity.  The  force  required  for  generisting 
this  motion  on  the  quiescent  wat^r  must  be  double  or  triple, 
when  the  vekxuty  that  must  be  given  to  it  is  so.  This  ab* 
3orbs  the  overplus  of  the  impelling  power,  by  which  that 
power  exceeds'what  is  necessary  for  balancing  the  weight 
Df  the  water  contained  in  all  the  ascending  buckets.  This 
}$  a  certain  determinate  quantity  which  does  not  change  i 
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ibr  ia  the  same  instant  that  a  new  backet  of  water  is  forced 
into  motion  beloWf  and  its  weight  added  to  that  of  the 
ascending  buckets,  an  equal  backet  is  emptied  of  its  water 
at  top.  The  ascending  buckets  require  only  to  be  balanced, 
and  they  then  continue  to  ascend)  with  any  velocity  already 
acquired.  While  the  machine  moves  slow,  the  motion  im^ 
pressed  on  the  new  bucket  of  water  is  not  sufficient  to  ab- 
sorb all  the  overplus  of  impelling  power.  The  quantity 
not  absorbed  accelerates  the  madiine^  and  the  next  bucket 
must  produce  more  motion  in  the  water  which  it  takes  up. 
TMs  consumes  more  of  the  overplus.  This  goes  on  till  no 
^iverplus  of  power  is  lefty  and  the  machine  accelerates  no 
moi^.  The  complete  performance  of  the  machine  now  is, 
Aat  ^^  a  certain  quantity  of  water,  formerly  at  rest,  is  now 
moving  with  a  certain  velocity.''  Our  engineers  consider  it 
dififerently ;  ^  as  a  certain  weighi  of  water  lifted  up."  But 
while  the  machine  is  thus  moving  uniformly,  it  is  really  not 
doi^g  so  much  as  before ;  that  is,  it  is  not  exerting  such 
gteat  pressures  as  before  the  motion  was  rendered  uniform ; 
for  at  that  time  there  was  a  pressure  at  the  working^point 
equal  to  the  weight  of  all  the  water  in  the  ascending 
buckets ;  and  also  an  overplus  of  pressure,  by  which  the 
whole  was  accelerated.  In  the  state  of  uniform  motion,  the 
pressure  is  no  more  than  just  balances  the  weight  of  the 
ascending  chain.  We  shall  learn  by  and  by  how  the  pres- 
sures have  been  diminishing^  although  the  mill  has  been 
accelerating ;  a  thing  that  seems  a  paradox. 

In  this  instance,  then,  we  see  clearly,  why  a  machine 
must  attain  a  uniform  motion.  A  pumping  machine  gives 
us  the  same  opportunity,  but  in  a  manner  so  difierent  as  to 
require  explanation.  The  piston  may  be  supposed  at  the 
very  surface  of  the  pit  water,  and  the  impelling  power  may 
be  less  than  will  support  a  column  in  the  pipe  as  high  as 
can  be  raised  by  the  pressure  of  the  atmosphere.  Suppose 
the  impelling  power  to  be  the  water  lying  in  the  buckets  of 
«n  overshot  wheel.  Let  this  water  be  laid  into  the  buckets 
by  a  very  small  stream.  It  will  fill  the  buckets  very  stowly; 
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and,  as  this  giTes  tfaem  a  pnepondefaiioei  the  iniB  loses  its 
bahmce^  die  wheel  begins  to  more^  and  the  ptsfeon  to  rise, 
and  the  water  to  follow  it  The  water  may  be  ddiFered  on 
the  wheel  drop  by  drop ;  the  piston  will  rise  by  insensiUe 
degrees,  always  standing  still  again  as  soon  as  die  almos- 
plieric  pressure  on  it  jnst  balances  the  water  on  die  whed. 
The  water  in  Ihe  rising-pipe  is  always  a  baknce  to  the 
pressure  of  die  atmoqibere  on  die  cistern  ;  dierefore  the 
pressure  of  the  atmosphere  on  the  pisfean  (which  is  die  r  in 
our  formula)  is  equal  to  the  weight  of  this  water.  Our 
pump-makers  therefore  (caQii^  diemsdTes  engineers)  say^ 
that  the  weight  of  water  in  the  pqpe  balances  the  wat^  on 
the  wheel.  It  does  not  balance  it,  nor  is  it  raised  by  the 
whed,  but  by  die  atmosphere;  but  it  serves  us  at  present 
for  a  measure  of  the  power  of  die  whed.  At  last,  all  the 
buckets  of  the  wheel  are  full,  and  the  water  is  (for  examine) 
83  feet  high  in  the  pipe.  Now  kt  the  stream  of  water  run 
its  full  quandty.  It  will  only  run  over  from  bucket  to 
budcet,  and  run  off  at  the  bottom  of  the  ^i^ied ;  but  the 
aiU  will  not  move^  and  no  work  will  be  performed.  (N.  B. 
We  are  here  excluding  all  impulse  or  stroke  on  the  buckets^ 
and  supposing  the  water  to  act  only  by  its  weight.)  Bat 
now  let  all  be  emptied  again,  and  let  the  water  be  delivered 
on  die  whed  in  its  foil  quanti^  at  the  first.  The  whed  wil 
immediately  acquire  a  preponderancy,  which  wiU  greatly  ex- 
ceed the  first  smaQ  pressure  of  the  atmosphere  on  the  pis-> 
ton.  It  will,  therefore,  accelerate  the  piston,  overcc^ing 
the  pressure  of  the  airwith  great  vdmty.  The  pbton  rises 
fost;  the  water  follows  it  by  the  pressure  of  the  atmosphere  I 
and  when  it  attains  the  foimer  utmost  height^  it  attains  it 
with  a  considerahie  v^docity.  If  allowed  to  run  off  there,  it 
will  ctmtinm  to  rttn  off  with  that  vdod^;  because  there  is 
the  same  quantify  of  water  pressing  round  the  whed  as  be* 
fore^  and  dierefore  enough  to  balance  the  pressure  of  the 
atmosphere  osi  the  piston.  The  pressure  of  the  same  at- 
mo^ere  on  the  water  in  the  dstem,  raised  the  water  in 
the  pipe  widi  this  vdodty ;  therefore  it  will  continue  to  do 


^ 


222  MACHINERY. 

KH  and  the  mill  will  ddiyer  water  by  the  pamp  with  thig 
velocity,  although  there  is  no  more  pressure  acting  on  it 
than  before,  when  the  water  ran  to  waste,  doing  no  work 
whatever. 

This  mode  of  action  is  extremely  diflferent  from  the 
former  example.  The  mill  is  not  acting  against  the  inerda 
y  of  the  water  to  be  moved,  but  against  the  pressure  r  of 
the  atmosphere  on  the  piston.  The  pressure  of  the  same 
atmosphere  on  the  cistern  is  employed  against  the  inertia 
of  the  water  in  the  pipe;  and  the  use  of  the  mill  is  to  g^ive 
occauonf  by  raising  the  piston,  to  the  exertion  of  this  at- 
mospherical pressure^  which  is  the  real  raiser  of  the  water. 
The  maxim  of  construction,  and  the  proper  adjustment  of 
m  to  It  in  this  case^  are  di£ferent  from  the  former ;  and  we 
should  run  the  risk  of  making  an  imperfect  engine  were  we 
to  confound  them. 

We  must  mention  another  case  of  a  pumping-mill,  seem- 
ingly the  same  with  this,  but  essentially  different  Suppose 
the  pipe  of  this  pump  to  reach  SO  feet  below  the  surface  of 
the  pit-water,  and  that  the  piston  is  at  the  very  bottom  of 
it.  Suppose  also^  that  the  wheel  buckets^  when  filled  with 
water,  only  enable  it  to  support  25  feet  of  water  in  the  rising 
pipe.  Let  the  water  be  delivered  into  the  wheel  drop  by 
drop.  The  wheel  will  gradually  preponderate;  the  piston 
will  gradually  rise,  lifting  the  water  above  it,  sustaining  a 
pressure  of  water  which  gradually  increases.  At  last,  the 
water  in  the  pump  is  25  feet  higher  than  that  in  the  cistern; 
the  wheel  i|  full  and  running  to  waste ;  but  no  work  is 
performed.  Let  aU  be  emptied,  and  now  let  the  water  come 
to  the  wheel  in  its  full  stream,  but  without  impulse.  The 
piston  will  lifl  the  water  briskly^  bring  it  to  25  feet  high 
with  a  considerable  velocity,  and  the  mill  will  now  raise  it 
with  this  velocity.  In  this  example,  the  mill  is  the  imme- 
diate agent  in  raising  the  water ;  but,  in  this  case  also,  its 
ultimate  office  is  not  overcoming  inertia,  but  overcoming 
pressure.  It  was  the  overplus  of  power  only  that  was  em- 
ployed in  overcoming  inertia,  while  accelerating  the  water 
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in  tke  miiig  pipei  in  order  to  giye  it  tbe  necesiarjr  velodty 
for  a  GWtinued  discharge* 

97*  These  and  similar  examples  shew  the  great  dififsrenoe 
between  the  statical  and  dynamical  equilibrium  of  machineSf 
and  tbe  necessity  of  a  scientific  attention  by  all  who  wish 
tb  improve  practical  mechanics.  Without  this,  and  even  a 
pretty  refined  attention!  we  cannot  see  the  connection  be- 
tween a  copious  supply  of  water  to  the  bucket-wheel  and  a 
plentiful  discharge  by  tbe  pump*  We  believe^  that  the 
greatest  part  of  those  employed  in  erecting  niaphines  (xm- 
ceive  it  as  owing  to  the  greater  weight  of  water  ipipelling 
the  wheel  with  greater  force ;  but  we  see  that  there  in  no 
difference  in  the  pressures  on  the  mill  at  rest,  and  the  mill 
doing  its  work  steadily  and  uniformly,  with  any  velocity^ 
however  great.  Without  keeping  the  notions  of  that  part 
of  the  impelling  power  which  supports  distinct  from  that  of 
the  part  which  accelerates,  we  shaU  never  have  a  clear  con- 
ception of  the  operation  of  machines^  or  of  mechanical  power 
in  general.  We  cannot  derive  all  the  advantages  of  out 
natural  ))owers,  without  knowing  bow  our  machine  employs 
the  pressure  excited  by  it  at  the  working  point  $  that  is, 
without  perceiving  in  what  cases  it  is  oppo^d  to  inertiay 
and  in  what  to  the  mechanical  properties  of  tangible  mat- 
ter. This  only  can  inform  us  at  what  rate  the  resistance 
varies  by  a  change  of  velocity ;  and  when  it  happens  that 
this  augmentaticND,  necessarily  accompanied  by  an  augmen- 
tation, of  all  the  frictionsj  and  the  resistance  of  the  air^  is  in 
cquilibrio  with  the  whole  of  the  impelling  power,  aqd  all  acr 
celeration  is  Bt  an  end. 

98.  Lastly,  another  chief  cause  of  the  finally  uniform  mo- 
tion of  machines  is,  that,  in  most  cases,  an  increase  of  velo- 
city produces  a  real  diminution  of  impelling  power.  We 
hardly  know  any.  exception  to  this  besides  the  employment 
€i£  one  descending  weight  as  a  power  or  first  mover.  Most 
of  the  powers  which  we  employ  reside  in  bodies  external  to 
die  machine;  and  these  bodies  must  be  put  in  motioD^  and 
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oMtiniied  in  that  moHon,  in  onkr  to  contume  their  pres- 
sure on  the  impelled  point.  Frequently  a  great  part  of  the 
power  is  employed  in  giving  this  necessary  motion  to  the 
«Ktemal  matter,  and  the  remainder  only  is  employed  in 
pressing  forward  the  machine.  We  mentioned  a  remarka- 
ble instance  of  this  in  the  operation  of  threshing.  Now, 
the  power  thus  employed  must  increase  in  proportion  to 
the  motion  required  ;  that  ky  in  proportion  to  the  velodQr 
of  the  impelled  point ;  what  remains,  urging  forward  the 
machine,  is  therefore  dimidished.  The  acceleration  is  there- 
fore dnninished,  and  mqr  cease.  At  Itni  the  actual  pressure 
it  so  much  diminished,  that  it  is  no  more  than  what  is  ne- 
cessary for  oyercoming  the  increased  resistance  of  the  work, 
the  increased  friction.  The  machine^  therrfor^  accelerates 
BO  more,  but  moves  uniformly. 

This  cause  of  the  diminution  of  power  by  an  increase  of 
velodty,  obtains  in  all  cases  where  the  strength  of  animals^ 
of  springs,  the  force  of  fired  gunpowder,  ficc.  is  exerted.  In 
ffMue  cases,  the  visible  effect  is  not  very  considerable ;  as  in 
the  employment  of  a  strong  spring,  the  force  of  gunpowder^ 
and  a  few  others.  In  the  action  of  animals,  this  de&lcation 
of  power  is  very  great  when  the  velocity  is  considerable. 
Nay,  even  in  the  action  of  gravity,  although  it  acts  as 
stronj^y  on  a  body  in  rapid  motion  as  on  one  at  rest,  yet 
when  gravity  is  not  the  immediate  agent,  but  acts  by  the 
intervention  of  a  body  in  which  it  resides,  the  necessity  of 
previously  moving  this  body  frequently  diminishes  the  ac- 
celeration which  it  would  otherwise  produce.  Thus,  in  an 
overshot* wheel,  if  the  water  be  delivered  into  the  bucket 
"with  a  velocity  (estimated  in  the  direction  of  the  part  of  the 
vrheel  into  which  it  is  delivered)  less  than  that  of  the  rim  of 
the  wheel,  it  must  retard  the  motion ;  for  it  must.be  imme- 
^aldy  dragged  into  that  motion ;  that  is^  part  of  the  acce- 
w^ting  overplus,  already  acting  on  the  wheels  must  be  em-^ 
Tfioytd  in  aoceleratmg  this  new  bucket  of  water,  and  this 
^">vM  lessm  tbe  general  accderation  of  the  machine.  Hence 
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W6  ham,  that  the  water  mast  be  delivered  on  the  yAeA 
with  a  ¥docity  that  ia  at  least  not  leas  than  that  of  the 
wheeFs  motion. 

The  case  in  which  we  see  this  diminution  of  power  on 
machines  most  distinctly  is,  when  water  or  wind^  actmg  hj 
impulse  alone^  is  oar  moving  power.  Since  the  mutual  im-» 
pulses  of  bodies  depend  entirely  on  their  rektive  motions^ 
it  follows^  that  when  the  velocity  of  the  impelled  pdnt  ia^ 
angmentedf  the  impulsion,  or  effective  pressure^  most  be 
diminished.  Nay,  this  yeldcity  may  be  so  incraasedf  that 
there  shall  be  no  selative  motion,  and  therefore  no  impidv 
sion.  If  the  floats  of  an  undershot  wheel  be  moving  with 
the  velod^  of  the  stream^  they  remain  conjoined  in  their 
progress,  but  withont  any  mutual  action*  Therefixref  whea 
an  undershot  wheel  is  set  into  a  running  water,  the  first 
impulsions  are  strong,  and  accelerate  the  wheel.  This  di- 
mioiriiei^the  next  impulsion  and  acceleration :  but  the  wheel' 
is  still  impdled  imd  accelerated ;  less  and  less  in  every  sno- 
oeeding  mom^ntf  as  it  moves  iaster ;  by  and  by,  the  acce* 
leration  becomes  insensible^  and  the  whed  appears  to  attain 
a  motion  which  is  perfectly  uniform.  This  requires  a  very 
long  timet  or  rather  it  is  never  attained,  and  we  only  can- 
not discern  the  very  small  additions  which  are  still  made  te 
the  Telocity.  All  this  happens  generally  after  a  very  mo» 
derate  tims^  by  reason  of  yarious  other  obstructions. 

Animal  action  is  subject  to  the  same  variation*  We 
know  that  there  is  a  certain  rate  at  which  a  horse  can  run, 
exhausting  or  employing  his  whole  strength.  If  he  be  made 
to  drag  any  the  smallest  load  after  him,  he  must  employ 
part  of  his  fiiree  on  it,  and  his  speed  will  be  checked.  The 
more  he  is  loaded  with  a  draught,  the  slower  he  will  run, 
still  employing  all  his  strength.  The  draught  may  be  in- 
creased till  he  is  reduced  to  a  trot,  to  a  walk,  nay,  till  he  is 
unable  to  draw  it^  Now,  just  inverting  this  process,  we  see 
that  there  is  a  certahi  strain  which  will  sufficiently  tire  the- 
Imrae  withont  stirring  teem  the  spot,  but  which  he  codd 
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continue  to  exert  fbf  boun.  Thwfis  greater  than  the  load 
that  he  can  crawl  along  with,  eihpkiying  his  strength  as 
much  as  would  be  prudent  to  continue  from  day  to  day. 
Andi  in  like  manner,  every  lesser  draught  has  a  correspond- 
ing rate^  at  which  the  horse,  employing  his  whole  working 
strength,  can  continue  to  draw  at  during  the  working 
hours  of  a  day.  At  setting  out,  he  pulls  harder,  and  acce- 
lerateiB  it.  Following  his  puU,  he  walks  faster,  and  there- 
fore pulls  less  (because  we  are  still  supposing  him  to  employ 
his  whole  working  strength.)  At  last  he  attains  that  speed 
which  occupies  his  whole  strength  in  merely  continuing  the 
puH  Other  animals  act  in  a  similar  manner ;  and  it  be- 
comes a  general  rule^  that  the  pressure  actually  exerted  on 
the  Impelled  point  of  a  machine  diminishes  as  its  velocity 
increases. 

99.  From  the  concurrence  of  so  many  facts,  we  perceive 
that  we  miist  be  careful  to  distinguish  between  the  quantity 
of  power  expended,  and  the  quantity  that  is  usefully  em- 
ployed, which  must  be-measured  solely  by  the  pressure  ex- 
erted on  the  machine.  When  a  weight  of  five  pounds  is 
employed  to  drag  up  a  weight  of  three  pounds  by  means  of 
a  thread  over  a  pully,  it  descends^  with  a  motion  uniformly 
accelerated,  four  feet  in  the  first  second.  Mr  Sroeaton 
would  call  this  an  expenditure  of  a  mechanical  power  20. 
The  weight  three  pounds  is  raised  four  feet.  Mr  Smeaton 
would  call  this  a  mechanical  effect  12.  Therefore  the  ef- 
fect produced  is  not  adequate  to  the  power  expended.  But 
the  fact  is,  that  tlie  pressure^  strain,  or  mechanical  power 
really  exerted  in  this  experiment,  is  neither  five  nor  three 
poupds;  the  five-pound  weight  would  have  fallen  16  feet, 
but  it  falls  only  four.  A  force  has  therefore  acted  on  it  suf- 
ficient to  make  it  describe  12  feet  in  a  second j  with  a  uni- 
formly accelerated  motion ;  for  it  has  counteracted  so  much 
of  its  weight.  The  thread  was  strained  with  a  force  equal 
to  3 1  pounds,  or  fths  of  5  pounds.  In  like  manner,  the 
5-pound  weight  would  have  fallen  16  feet;  but  it  was  raised 
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4  feet  Here  wad  a  change  precisely  eqaal  to  the  other.  A 
force  of  Sf  pounds,  acting  on  a  mass  whose  matter  is  only 
S,  will,  in  a  second,  cause  it  to  describe  20  fe^  with  a  uni- 
fi>rmly  accelerated  motion.  ^  Now,  5  X  12^  and  5X20,  give 
Ibe  same  product  60.  And  thus  we  see,  that  the*quantity 
of  motion  extinguished  or  produced,  and  not  the  product 
of  the  weight  and  height,  is  the  true  unequivocal  measure 
of  mechanical  power  really  expended^  or  the  mechanical 
effect  really  produced,  and  that  these  two  are' always  equal 
and  opposite.  At  the  same  time^  Mr  Smeaton's  theo- 
rem  merits  the  attention  of  engineers,  because  it  generally 
m^ures  the  opportunities  that  we  have  ibr  procuring 
the  exertion  of  power.  In  some  sense,  Mr  Smeaton  may 
sayi  that  the  quantity  of  water  multiplied  by  the  height 
from  which  it  desceiids  in  working  our  machines,  is  the 
measure  of  the  power  expended,  because  we  must  raise 
diis  quantity  to  the  dam  again,  in  order  to  have  the  same 
use  of  it  It  is  expended,  but  not  employed ;  fOr  the  water» 
at  leaving  the  wheels  is  still  able  to  do  something. 

100.  It  requires  but  little  consideration  to  be  sensible  that 
the  preceding  account  of  the  cessation  of  accelerated  mo- 
tion in  our  prtncpal  machines,  must  introduce  different 
maxims  of  construction  from  those  which  were  expressly 
adapted  to  this  acceleration  ;  or  rather,  which  proceeded  on 
the  erroneous  supposition  of  the  constancy  of  the  impelling 
power  and  the  resistance.  The  examination  of  this  point 
has  brought  into  view  the  fundamental  principle  of  work* 
ing  machines,  namely,  the  perfect  equilibrium  which  takes 
place  between  the  impelling  power  aud  the  simultaneous  re- 
sistance.   It  may  be  expressed  thus : 

The  force  required  for  praerving  a  machine  in  uniform  mo- 
tion,  with  any  velodiy  whatever,  is  that  which  is  necessary  for 
balancing  the  resiUance  then  actually  exerted  on  the  working- 
point  of  the  machine.  We  saw  this  distinctly  in  the  instance 
oF  the  two  weights  acting  against  each  other  by  the  inter- 
vention of  a  thread  over  a  fixed  pulley.    It  is  equally  true 
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of  erery  case  of  acting  machuery :  for  if  the  force  at  the 
impelled  point  be  greater  than  what  balances  the  resistance 
acting  at  the  samepoint,  it  muBt  aoederate  that  point,  and 
dierefore  acoderate  the  whole  madiine;  and  if  the  impel- 
ling fordb  be  less  than  this,  the  machine  most  immediacely 
retard  in  ks  motion.  When  the  machme  has  once  acquired 
diis  d^ee  of  motionf  erery  part  of  it  wiQ  continae  in  its 
prcsNit  state  of  niotioBy  if  ody  the  two  external  forces  are 
in  eqailibrioy  bat  not  otherwise.  Botwhen  the  pressure  of  the 
external  power  on  the  impeUed  point  balances  the  resistance 
appoa/ed  by  that  pointy  it  ii|  in  fiict»  maintaining  the  equili* 
brinm  wiU^  the  external  power  acting  at  the  workings 
point;  for  this  is  the  only  way  that  external  forces  can  be 
aet  in  opposition  to  eadi  other  by  the  intervention  of  a 
body.  The  external  forces  are  not  in  immediate  equili- 
biio  with  each  other,  but  each  is  in  equilibrio  with  the  force 
exerted  by  the  point  on  which  it  acts.  This  force  exerted 
by  the  point  is  a  modification  of  the  ccmnecting  forces  of 
the  body^  all  of  which  are  brought  into  action  by  meana  of 
tbe  actions  of  die  external  forces,  and  each  is  accompanied 
by  a  force  precisely  equal  and  opposite  to  it.  Now,  the 
principles  of  statics  teach  us  the  proportions  of  the  external 
pressures  which  are  thus  set  in  equilibrium  by  the  interven- 
tion of  a  body  ;  and  therefore  teach  us  what  proportion  of 
power  and  resistance  will  keep  a  machine  of  a  given  con- 
struction in  a  state  of  uniform  motion. 

This  proposition  appears  paradoxical^  and  contrary  to 
common  observation ;  for  we  find,  that,  in  order  to  make  a 
mill  go  faster^  we  must  either  diminish  the  resistance^  or 
we  must  employ  more  men,  or  more  water,  or  water  mo- 
ving with  greater  velocity,  &c.  But  this  arises  from  some 
of  the  causes  already  mentioned.  Either  the  resistance  of 
the  work  is  greater  when  the  machine  is  made  to  move 
faster,  or  the  impulsion  of  the  power  is  diminished,  or  both 
these  changes  obtain.  Friction  and  resistance  of  air  also 
come  in  for  their  share,  &c«    The  actual  pressure  of  a  gi* 
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qmatity  of  the  external  power  is  diminuhedi  and  tliere* 
&re  more  of  it  must  be  employed.  When  a  weight  in  wd» 
fmukf  raised  by  a  machine^  the  pressure  exerted  on  it  by 
the  working-point  is  precisely  equal  to  its  weight,  what- 
ever be  the  velocity  with  which  it  rises.  But,  even  in  thia 
simplest  case^  more  natural  power  must  be  expended  in 
order  to  raise  it  faster;  because  either  more  natural  power 
most  be  employed  to  accelerate  the  external  matter  which 
h  to  press  forward  the  impelled  point,  or  the  relative  mo* 
tion  of  the  pressing  matter  will  be  diminished. 

It  is  well  known,  that,  in  the  emplo3rment  of  the  mecha- 
me  powers,  ivhether  in  their  state  of  greatest  simplicity,  or 
any  how  combined  in  a  complicated  machine^  if  the  ma* 
chine  be  put  in  motion,  the  velocities  of  tjie  extreme  pointa 
(which  we  have  called  the  impelled  and  wwkmg^ipoints)  are 
Inversely  proportional  to  the  fofces  which  are  in  equiiibrio 
wlien  apphed  to  these  points  in  the  direction  of  their  mo* 
tion.    This  is  an  inductive  proposition,,  and  has  been  used 
as  the  foundation  of  systems  of  mechanics.     It  is  unneces- 
sary  to  take  up  time  in  proving  what  is  so  familiarly  known ; 
consequently,  the  products  of  the  pressures  at  those  points 
by  the  velocities  of  the  motions  are  equal;  that  is,  the  pro- 
duct of  the  pressure  actually  exerted  at  the  impelled  point 
of  a  machine  working  uniformly,  multiplied  by  the  velod^ 
of  that  point,  is  equal  to  the  product  of  the  resistance  actu- 
ally exerted  at  the  working-point,  multiplied  by  the  velocity 
of  that  point,  that  is,  by  the  velocity  with  which  the  ro- 
nstance  is  overcome^ 

pm^rn. 
Now,  the  product  of  the  resistance,  by  the  velocity  with 
which  it  is  overcome^  is  evidently  the  measure  of  the  per- 
formance of  the  n^ichine,  or  the  work  done.   The  product 
of  the  actual  pressure  on  the  impelled  point,  by  the  velocity 
of  that  point,  may  be  called  the  momentum  of  impulse. 
IQl.  Hence  we  deduce  this  proposition : 
In  all  warkh^  nuuMnes  which  have  acquired  a  umform 

▼OL.  II.  g 
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maiumf  the  performance  of  the  machine  is  equal  to  the  momen* 
tim  qfinqmke.* 

Thk  is  a  proposition  of  the  utmost  importance  in  the 
science  of  machines,  and  leads  to  the  fiindamaital  maxim 
oi  their  construction.  Since  the  performance  of  a  machine 
is.  equal  to  the  momentum  of  impulse^  it  increases  and  di- 
minishes along  with  it,  and  is  a  maximum  when  the  mo- 
mentum of  impulse  is  a  maximum ;  therefor^  the  funda- 
mental maxim  in  the  construction  of  a  machine  is  to  fashion 
it  in  such  a  manner  that  the  momentum  of  impulse  shall  be 
a  maximum^  or  that  the  product  of  the  pressure  actually 
exerted  on  the  impelled  point  of  the  machine  by  the  velo- 
city with  which  it  moves  may  be  as  great  as  possible.  Then 
are  we  certain  that  the  product  of  the  resistance,  by  the  ve- 
locity of  the  working-point,  is  as  great  as  possible^  provi- 
ded that  we  take  care  that  none  of  the  impulse  be  needlessly 
wasted  by  the  way  by  injudicious  communications  of  mo- 
tion, by  friction,  by  unbalanced  loads,  and  by  reciprocal 
motions,  which  irrecoverably  waste  the  impelling  power. 


*  The  troth  of  this  proposition  has  heen  long  perceived  in  every  particular 
instance  that  happened  to  engage  the  attention  ;  but  we  do  not  recollect  any 
mechanician  before  Mr  Ealer  considering  it  as  a  general  truth,  expressing  in 
a  few  words  a  mechanical  law.  This  celebrated  inat)tematician  undertuok>^ 
about  the  year  1755,  or  1736,  a  general  and  systematic  view  of  machines,  in 
order  to  found  a  complete  theory  immediately  conducive  to  the  improvement 
of  practical  mechanics  In  1743  he  published  the  first  propositions  of  this 
useful  theory  in  the  tenth  volume  of  tht  Comment.  PetrepoHtani,  containing 
the  excellent  dynamical  theorems  of  which  we  have  given  the  substance.  In 
the  third  volume  of  the  Comment.  Novi  Petropol.  he  prosecuted  the  subject  a 
little  farther  ;  nnd,  in  the  eighth  volume,  he  entered  on  what  we  are  now  en- 
gaged in,  and  formally  announces  this  fundamental  proposition,  calling  these 
two  products  the  momentum  of  impulse,  and  the  momentum  of  effect.  It  is 
much  to  be  regretted  that  this  consummate  mathematician  did  not  continue 
these  useful  labours,  his  ardent  mind  being  carried  away  by  more  abstruse 
•peculations  in  all  the  most  refined  departments  of  mathematics  and  philoso- 
phy. No  man  in  Europe  could  have  prosecuted  the  subject  with  more  judg- 
m«Dt  and  success.— See  also  Mem,  Acad,  Berlin,  1747  and  I75S« 
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This  maxim  holds  good  whether  thq  resistance  remains 
constantly  the  same,  or  varies  by  any  law  whatever. 

102.  But  much  remains  to  be  done  for  the  improvement 
of  mechanical  science  before  we  can  avail  ourselves  of  this 
maxim^  and  apply  it  with  success.  The  chief  thing,  and  to 
this  we  should  give  the  most  unremitting  attention^  is,  to 
learn  the  changes  which  obtain  in  the  actual  pressure  exerts 
ed  by  those  natural  powers  which  we  cgn  command ;  the 
changes  of  actual  pressure  produced  by  a  change  of  the  ve- 
locity of  the  impelled  point  of  the  machine.  These  depend 
on  the  specific  natures  of  those  powers,  and  are  different  in 
almost  every  different  case.  Nothing  will  more  contribute 
to  the  improvement  of  practical  mechanics  than  a, series  of 
experiments,  well  contrived^  and  accurately  made,  for  dis- 
covering those  laws  of  variation,  in  the  cases  of  those  powers 
which  are^most  frequently  employed.  Such  experiments^ 
however,  would  be  costly^  beyond  the  abilities  of  an  indivi- 
dual ;  therefore,  it  were  greatly  to  be  wished  that  public  aid 
were  given  to  some  persons  of  skill  in  the  science  to  insti- 
tute  a  regular  train  of  experiments  of  this  kind.  An  expe- 
rimental machine  might  be  constructed,  to  be  wrought 
^ther  by  men  or  by  cattle.  This  should  be  loaded  with 
some  kind  of  work  which  can  be  very  accurately  measured^ 
and  the  load  varied  at  pleasure.  When  loaded  to  a  cer- 
tarn  d^ee,  the  men  or  cattle  should  be  made  to  work  at 
the  rate  which  they  can  continue  from  day  to  day.  The 
number  of  turns  inade  in  an  hour,  multiplied  by  the  load^ 
will  give  the  performance  corresponding  to  the  velocities ; 
and  thus  Will  be  discQvered  the  most  advantageous  rate  of 
motion.  The  same  machine  should  also  be  fitted  for  grind- 
ing, for  sawing,  boring,  &c.,  and  similar  experiments  will 
discover  the  relation  between  the  velocities  with  which  these 
operations  are  performed,  and  the  resistances  which  they 
exert.  The  laws  of  friction  may  be  investigated  by  the 
same  machine.  It  should  also  be  fitted  with  a  walking- 
Wheel,  and  the  trial  should  be  made  of  the  slope  and  vclo- 
tity  of  walking  which  gives  the  greatest  momentom  of  im« 


pabe.    It  is  not  imreaioiiible  to  expect  great  advantaget 
boat  such  a  train  of  experimenti. 

103.  Till  this  be  done^  we  most  content  oondrai  with 
the  aboFCf  in  the  most  general  terms,  appli- 


-  i 


cable  to  any  case  in  whidi  the  hw  of  the  yariation  of  force 
may  hereafter  be  discovered. 

There  is  a  certain  velocity  of  the  impeDed  point  of  ama- 
chine  which  pnts  an  end  to  the  action  of  the  moving  power. 
Tbos^  if  the  floats  of  an  undershot  wheel  be  moving  with 
the  Telocity  of  the  stream^  no  impuhe  is  made  on  them.  If 
the. arm  of  a  gin  or  capstan  be  moidng  with  that  veloci^ 
witb  which  a  horse  or  a  man  can  just  move^  so.  as  to  conti- 
nue at  that  speed  firom  day  to  day,  employing  all  his  work* 
ing  strengthj  but  not  fiitiguing  himself;  in  this  state  of  mo- 
tiim,  the  animal  can  exert  no  pressure  on  the  machine* 
TUb  may  be  called  the  xxTiHouiSHiKa  TELociTTy  and  we 
nay  express  it  by  the  symbol  e.  Let/  be  that  degree  of 
fiiroe  or  pressure  which  the  animal  can  exert  at  a  dead  pull 
or  thrustf  as  it  is  called.  We  do  not  mean  the  utmost 
strain  of  which  the  animal  is  capable^  but  that  which  it  can 
ccmtinue  unremittingly  during  the  working  hours  of  a  dayi 
fully  employing^  but  not  fatiguing  itself.  And  let  p  be  the 
pressure  which  It  actually  exerts  on  the  impelled  point  of  a 
machinei  moving  with  the  velocity  m.  Let  e  —  m  be  called 
the  RELATIVE  VELOCITY,  and  let  it  be  expressed  by  v.  And 
let  it  be  supposed  that  it  has  been  discovered^  by  any  means 
whatever,  that  the  actual  pressure  varies  in  the  proportion 

oftflf  or  e — m^.  This  supposition  gives  us  c*  :  v^  =/:  />i 
andp  =y  X  --q*  For  the  machine  must  be  at  rest,  in  or- 
der that  the  agent  may  be  able  to  exert  the  force  f  on  its 
impelled  point.  But  when  the  machine  is  at  rest,  what  we 
have  named  the  relative  velocity  b  ^  the  whole  of  the  extin- 
guishing velocity. 

The  momentum  of  impulse  is  p  m,  that  is  ^/w,  or/X 
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m  _  a 

xlx  e—vCbecaHBemse — «•)  Tbere&rel/ X  ^  X 

mutt  be  made  a  maxiimnn.  Bat^*  and  <f  are  two  qiiaiiti«» 
tie8  which  suffer  no  change.  Therefore  the  momentnm  of 
impulae  will  be  a  inaxiiniim  when  v^  X  e^^v  is  a  mazi<* 
mum.  Nowi^  X  e— ©=s  «*« — xftv^  =fff  e— i^'.  The 


flnzlonofthiBisffev'^  I' — q  +  It^v.    This  being  siq^ 
posed  =:  ^  we  have  the  equation 

q  e  %/^^^  =  y  + 1  c* 
And  jr  •  s  qJ^  i  9 


Therefore  9  =      ,  , 

And  m,  which  is  =  e  •— ty^  becomes  — ; — »  Therefore  we 
must  order  matters  so^  thftt  the  Telod^  of  the  impelled 

point  of  the  machine  may  be  =: — - — •    Now  p  is  = /*  ^ 

y  + 1  ^  "^  «« 

and  therefore  =:/X«.jLp    And  p  m,  =  /  .=^^.5^ 

momentum  of  impulse^  and  therefore  =  the  momentnm 
of  eflfect,  or  the  performance  of  the  machine^  when  in  iti 
best  state. 

104.'  Tlius  may  the  maxim  of  construction  be  said  to  be 
brought  to  a  state  of  great  simplidQri  and  of  most  easy  re* 
collection.  A  particular  case  of  this  maxim  has  been  long 
known,  having  been  pointed  out  by  Mr  Parent.  Since  the 
action  of  bodies  depends  on  their  relative  velocity^  the  inh* 
pulse  of  fluids  must  be  as  the  square  of  the  relative  velodly. 
Prom  which  Mr  Parent  deduced,  that  the  most  advanta- 
geous velocity  of  the  floats  of  an  undershot  wheel  is  one- 
third  of  that  of  the  stream.  This  maxim  is  evidently  in« 
duded  in  our  general  proposition;  for^  in  this  case,  the 
index  q  of  that  function  of  the  relative  velodty  v^  which  is 
proportional  to  the  impulse^  is  =s  8.    Ther^re  we  have 
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the  maximnm  when  v  =  - — -,  =  J  ^ and ms  ^e^  Theei^* 

tingniihing  yelocity  e^  is  evidently  the  velodty  of  the  stream. 

Our  proposition  also  gives  us  the  precise  value  of  the  per- 

fimnaiice.    The  impulse  of  the  stream  on  the  float  at  rest 

being  supposed  =^  its  impulse  on  the  float  moving  with 

4 
the  velocity  {  e  must  be  =  —f.  This  is  the  measure  of  the 

actual  pressure  p.    This  being  multiplied  by  m^  or  by  J  e, 

4 
g^ves  — /.    Nowy  is  considerefl  as  equal  to  the  weight  of 

a  column  of  water^  having  the  surface  of  the  floatboard  fpr 
its  base,  and  the  depth  of  the  sluice  under  the  surfieice  of  the 
reservoir  (or^  more  accurately^  the  foil  required  for  gene* 
rating  the  velocity  of  the  stream)  for  its  height*  Hence  it 
has  been  concluded,  that  the  utmost  performance  of  an  un- 

4 
dershot  wheel  is  to  raise  ^  of  the  water  which  impels  it^  to 

die  height  from  which  it  fidls.  But  this  is  not  found  very 
agreeable  to  observation.  Friction^  and  many  imperfections 
of  execution  in  the  delivery  of  the  water,  the  direction  of 
its  impu]^>  &c.  may  be  expected  to  make  a  defalcation 
from  this  theoretical  performance.  But  the  actual  perform- 
ance, even  of  mills  of  acknowledged  imperfection,  consi- 
derably exceeds  this,  and  sometimes  is  found  nearly  double 
of  this  quantity.  The  truth  is,  that  the  particular  fact  from 
which  Mr  Parent  first  deduced  this  maxim,  (namely,  the 
performance  of  what  is  called  Parerifs  or  Dr  Barker^ s  milh) 
is,  perhaps,  of  all  that  could  have  been  selected,  the  least  cal- 
culated for  being  the  foundation  of  a  general^  rule^  being  of 
i|  nature  so  abstruse,  that  the  first  mathematicians  of  Eu- 
rope are  to  this  day  doubtfiil  whether  they  have  a  just  con- 
"ception  of  its  principles.*  Mr  Smeaton's  experiments  shew 


w 


^  See  the  Edinburgli  Encyclopedia^  Art.  HrosoDTNAMics^  for  a  foU  ac- 
coant  of  the  tbeorjr  of  this  curious  machixie.— £d. 
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very  diidnctlyf  that  the  maximum  of  performance  of  an 
andenhot  wheel  corresponds  to  a  velocity  considerably 
greater  than  one-third  of  the  stream,  and  approaches  near- 
ly to  one-half;  and  he  assigns  some  reasons  for  this  which 
teem  well  founded.  But,  independent  of  this,  the  per- 
formance of  Mr  Smeaton's  model  was  much  greater  than 
what  corresponds  with  the  velocity  by  the  above-mentioned 
estimation  of  y*.  The  theory  of  the  impulsion  of  fluids  is 
extremely  imperfect ;  and  Daniel  Bernoulli  shews,  from 
Tery  nnquestioniible  principles,  that  the  impulse  of  a  narrow 
vein  of  fluid  on  an  extended  surface  is  double  of  what  was 
generally  supposed ;  and  his  conclusions  are  abundantly 
confirmed  by  the  experiments  adduced  by  him. 

105.  It  is  by  no  means  pretended,  that  the  maxim  of 
construction  is  reduced  to  the  great  simplicity  enounced  in 
the  proposition  now  under  consideration.  We  only  sup- 
posed, that  a  ease  had  been  observed  where  the  prc9»art 
exerted  by  some  natural  agent  did  follow  the  proportions 

of  9^.  This  being  admitted,  the  proposition  is  strictly  true. 
But  we  do  not  know  any  such  case ;  yet  is  the  proposition 
of  considerable  use :  for  we  can  affirm,  on  the  authority  of 
our  ovm  observfitions,  that  the  action  both  of  men  and  of 
draught  horses  does  not  deviate  very  far  from  the  propor- 
tions of  o^.  The  observations  were  made  on  men  and  horses 
tracking  a  lifter  along  a  canal,  and  working  several  days 
together^  without  having  any  knowledge  of  the  purpose  of 
the  observations.  The  force  exerted  was  first  measured  by 
the  curvature  and  weight  of  the  track-rope^  and  afterwards 
by  a  spring  steelyard.  This  was  multiplied  by  the  number 
of  yards  per  hour,  and  the  product  considered  as  the  mo- 
mentum. We  found  the  action  of  men  to  be  very  nearly  as 

e — m*.    The  action  of  horses^  loaded  so  as  not  to  be  able 
to  trot,  was  nearly  as  e — m^*^. 

The  practitioner  can  easily  avail  himself  of  the  maxim, 
although  the  function  q  should  never  be  reduced  to  any 
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algebraic  fonn.  He  hat  only  to  isstitote  a  tridn  of  €9q»eri* 
ments  on  the  natural  agent^  and  idect  that  ▼ek>eity  which 
giyet  the  high^t  product  when  multiplied  by  its  oorre- 
iponding  pressure. 

.  J  06.  When  this  selection  has  been  made^  we  have  two 
ways  of  giving  our  working-machines  the  maximum  of  e& 
C9Ct»  having  once  ascertained  the  pressure^  which  our  tm^ 
"  tnral  power  exerts  on  the  impelled  pdnt  of  the  machine 
when  it  is  not  allowed  to  move.  • 

1.  When  the  resistance  arising  from  the  work,  and  from 
friction^  is  a  given  quantity ;  as  when  water  is  to  be  raised 
to  a  certain  height  by  a  piston  of  given  dimenuons. 

Since  the  friction  in  all  the  communicating  parts  of  the 
machine  varies  in  the  same  proportion  with  the  pressure,  and 
irince  these  vary  in  the  same  proportion  with  the  resistance^ 
the  sum  of  the  resistance  and  friction  may  be  represented 
hy  br,  b  being  an  abstract  number.  Let  n  be  die  und^ 
tennined  velocity  of  the  working-point ;  or  let  m  :  n  be  the 
proportion  of  velocities  at  the  impelled  and  working-^ints. 
Then^  because  the  pressures  at  these  points  balance  each 
other,  in  the  case  of  uniform  motion,  they  are  inversely  as 
the  velocities  at  those  points.    Therefore  we  must  make 

Jr:p=«:«.and«=£E,  =  £±i- ,  =  m     ^f,,     . 

Or  or  q  +  V  o  r 


or  w  :  n  =9  +  l«  X  ft  r  :  9^/. 

2.  On  the  other  hand,  when  m:  nis  already  given,  by 
the  construction  of  the  machine,  but  ft  r  is  susceptible 
of  variation^  we  must  load  the  machine  with  more  and 
more  work,  till  we  have  reduced  the  velocity  of  its  impelled 

point  to.   ^    , 

q+i 

In  either  case,  the  performance  is  expressed  by  what  ex* 

q 

presseB  p  m,  that  ii,  by/e  X L-    ■.  But  the  useful  peiw 
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formanoe,  which  ii  reoUy  the  work  done^  will  be  had  by 
diTidtng  the  value  now  obtained  by  the  number  i,  whi^ 
expresses  the  sam  of  the  resistance  overcome  by  the  worib* 
jng-point  and  the  friction  of  the  machine. 

What  has  been  now  delivered  contains,  we  imagine,  thd 
chief  principles  of  the  theory  of  machines^  and  points  oot 
the  way  in  which  we  must  proceed  in  applying  them  to 
every  case*  The  reader,  we  h<^)^  sees  clearly  the  impefv 
fection  of  a  consideration  of  machines  which  proceeds 
fiurther  than  the  statement  of  the  proportions  of  the 
taneous  pressures  whidi  are  excited  in  all  the  parts  of  the 
machine  by  the  application  of  the  external  forces,  which 
we  are  accustomed  to  call  the  power  and  the  weight.  Unless 
we  take  also  into  consideration,  the  immediate  effect  of  me^ 
chanical  force  applied  to  body,  and  combine  this  with  al 
the  pressures  which  statical  principles  have  enabled  us  t# 
ascertain,  and  by  thb  combinaticm  be  able  to  say  what  pofi* 
tion  of  unbalanced  force  there  is  acting  at  one  and  all  of 
the  pressing  points  of  the  machine,  and  what  will  be  the 
motion  of  every  part  of  it  in  consequ^ce  of  this  overplay 
we  have  acquiried  no  knowledge  that  can  be  of  service  to  us* 
We  have  been  contemplating,  not  a  working  machine^  but 
a  sort  of  balance.  But,  by  reasoning  about  these  unba^ 
lanced  forces  in  the  same  simple  manner  as  about  the  &I1  of 
heavy  bodies,  we  were  able  to  discover  the  momentary  ac* 
celcrations  of  every  part,  and  the  sensible  motion  which  it 
would  acquire  in  any  assigned  time^  if  all  the  circumstanoea 
remua  the  same.  We  found  that  the  results,  although  de» 
duced  from  unquestionable  principles,  were  quite  unlike  the 
observed  motions  of  most  working  machines.  Proceeding 
still  on  the  same  principles,  we  considered  this  deviation  aa 
the  indication,  and  the  precise  measure,  of  something  which 
we  had  not  yet  att^ided  to,  but  which  the  deviation  brought 
into  view,  and  enabled  us  to  ascertain  with  accuracy.  These 
are  the  changes  which  happen  in  the  exertions  of  our  ao 
toating  powers  by  the  velocity  with  which  we  find  it  con^ 
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Tenient  to  make  them  act  Thus  we  learn  more  of  the  na« 
tare  of  those  powers ;  and  we  fomid  it  necessary  to  distin- 
gnidb  carefully  between  the  appar^it  magnitude  of  our  ac- 
toating  power  and  its  real  exertion  in  doing  our  work. 
This  consideration  led  us  to  a  fundamental  proposition 
concerning  all  working  machines  when  they  have  attfuned 
an  uniform  motion ;  namely,  that  the  power  and  resistance 
tfien  really  exerted  on  the  machine  precisely  balance  each 
other,  and  that  the  machine  is  precisely  in  the  condition  of 
a  steelyard  loaded  with  its  balanced  weights,  and  moved 
nmnd  its  axis  by  some  external  force  distinct  from  the 
power  and  the  weight.  We  found  that  this  force  is  the 
previous  overplus  of  impelling  power^  before  the  machine 
had  acquired  the  uniform  motion ;  and  on  this  occasion  we 
learned  to  estimate  the  effect  produced,  by  the  momentum 
(dqpending  on  the  form  of  the  machine)  of  the  quantity  of 
motion  produced  in  the  whole  assemblage  of  power,  resist- 
ance, and  machinery. 

107.  The  theory  of  machines  seemed  to  be  now  brought 
back  to  that  simplicity  of  equilibrium  which  we  had  said 
was  so  imperfect  a  foundation  for  a  theory ;  but  in  avail- 
ing  ourselves  of  the  maxim  founded  on  this  general  pro- 
position, we  saw  that  the  equilibrium  is  of  a  very  differ- 
ent kind  from  a  quiescent  equilibrium.  It  necessarily  in- 
volves in  it  the  knowledge  of  the  momentary  accelerations 
and  their  momenta ;  without  which  we  should  not  perceive 
that  one  state  of  motion  is  more  advantageous  than  ano- 
ther, because  all  give  us  the  same  proportion  of  forces  in 
equilibria 

But  this  is  not  the  only  use  of  the  previous  knowledge  of 
the  momentary  accelerations  of  machines ;  there  are  many 
cases  where  the  machine  works  in  this  very  state.  Many 
machines  accelerate  throughout  while  performing  their 
work ;  and  their  efficacy  depends  entirely  on  the  final  acce- 
leration. Of  this  kind  is  the  coining-press,  the  great  forge 
•r  tilt-mill^  and  some  other  capital  engines.    The  ^team- 
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.  icngine^  and  the  common  pump,  are  necessarily  of  this  class, 
altbongh  their  efficacy  is  not  estimated  by  their  final  acce- 
leration. A  great  number  of  engines  have  reciprocating 
motions  in  different  subordinate  parts.  The  theory  of  aH 
jBuch  engines  requires  for  its  perfection  an  accurate  know* 
ledge  of  the  momentary  accelerations ;  and  we  roust  use  the 
formulae  contained  in  the  first  part  of  this  article. 

108.  Still,  however,  the  application  of  this  knowledge  has 
many  difficulties,  which  make  a  good  theory  of  such  nut* 
chines  a  much  more  intricate  and  complicated  matter  than 
we  have  yet  led  the  reader  to  suppose.  In  most  of  theie 
engines,  the  whole  motion  may  be  divided  into  two  parts. 
One  may  be  called  the  working-stroke,  and  the  other,  in 
which  the  working-points  are  brought  back  to  a  situation 
which  fits  them  for  acting  again,  may  be  called  the  rb«  ^ 
TURNING-STROKE.  This  retum  must  be  effected  either  bj 
means  of  some  immediate  application  of  the  actuating 
power,  or  by  s^me  other  force,  which  is  counteracted  du- 
ring the  working-strok^  and  must  be  ccmsidered  as  making 
part  of  the  resistance.  In  the  steam-engine,  it  is  generally 
done  by  a  counterpoise  on  the  outer  end  of  the  great  work* 
ing-beam.  This  must  be  accounted  a  part  of  the  resistance^ 
for  it  must  be  raised  again ;  and  the  proportions  of  the 
machine  for  attaining  the  maximum  must  be  computed  ac- 
cordingly. The  quantity  of  this  counterpoise  must  be  ad- 
justed by  other  considerations.  It  must  be  such,  that  the 
descent  of  the  pump-rods  in  the  pit  may  just  employ  the 
whole  time  that  is  necessary  for  filling  the  cylinder  with  ^ 
steani.  If  they  descend  more  briskly,  (which  an  unskilfbl 
engineer  likes  to  see,)  this  must  be  done  by  means  of  a 
greater  counterpoise,  and  this  employs  more  power  to  raise 
it  again.  Dcsaguliers  describes  a  very  excellent  machine 
for  raising  water  in  a  bucket  by  a  man's  stepping  into  ao 
opposite  bucket,  and  descending  by  its  preponderancy. 
When  he  comes  to  the  bottom,  he  steps  out,  goes  up  a 
stair,  and  finds  the  bucket  returned  and  ready  to  receive 
ium  again.  This  machine  is  extremely  simpley  and  perhaps 
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the  bett  that  can  be  contrived ;  andyetitisoneof  the  most 
likely  to  be  a  very  bad  one.  The  bucket  into  which  the 
man  steps  must  be  brought  up  to  its  place  agam  by  a  pre- 
ponderancy  in  the  machine  when  unloaded.  It  may  be  re- 
turned sooner  or  later.  It  should  arrive  precisely  at  the 
same  time  with  the  man.  If  sooner,  it  is  of  no  use,  and 
wastes  power  in  raising  a  counterpoise  which  is  needlessly 
heavy ;  if  later,  time  is  lost :  therdbre^  the  perfection  of 
this  very  simple  machine  requires  the  judicious  combination 
of  two  maximums^  each  of  which  varies  in  a  ratio  com- 
pounded of  two  other  ratios.  Suppose  the  man  to  employ 
a  minute  to  go  up  stairs  50  feet,  which  is  very  nearly  what 
ha  can  do  from  day  to  day  as  his  only  work,  and  suppose 
him  to  weigh  150  pounds,  and  that  he  acts  by  means  of  a 
simple  pulley — the  maximum  for  a  lever  of  equal  arms 
would  require  him  to  raise  about  60  pounds  of  water.  But 
when  all  the  other  circumstances  are  calculated,  it  will  be 
found  that  he  must  raise  138  pounds  (neglecting  the  inertia 
of  the  machine.)  He  should  raise  542  pounds  10  feet  in  a 
mmute ;  and  this  is  nearly  the  most  exact  valuation  of  a 
man's  work. 

There  is  the  same  necessity  of  attending  to  a  variety  of 
circumstances  in  all  machines  which  reciprocate  in  the 
whole  or  any  considerable  part  of  their  motion.  The  force 
employed  for  bringing  the  machine  into  another  working 
position,  must  be  regulated  by  the  time  necessary  for  ob* 
taining  a  new  supply  of  power ;  and  then  the  proportion  of  m 
to  n  must  be  so  adjusted,  that  the  work  performed,  divided 
by  the  whole  time  of  the  working  and  returning  strokes, 
may  give  the  greatest  quotient.  It  is  still  a  difficult  thing, 
therefor^  to  construct  a  machine  in  the  most  perfect  man- 
ner^  or  even  to  say  what  will  be  the  performance  of  a  ma- 
chine already  constructed ;  yet  we  see  that  every  circum- 
'  stance  is  susceptible  of  accurate  computation. 

With  respect  to  machines  which  acquire  a  sort  of  uni- 
ftnn  motion  in  general,  although  subject  to  partial  reel- 
s' as  in  a  pumping^  stamping,  forging-engine,  it 


BfACBIHSRir*  941 

•  • 

1h  abo  diffieuU  to  9miga  the  rate  even  of  dii^  general  nni- 
fbrm  motion.  We  mays  however^  say,  that  it  will  not  be 
gieater  than  if  it  were  uniform  throughout  Were  it  en* 
tirdy  free  from  friction,  it  would  be  exactly  the  same  as  if 
uniform ;  because  the  accelerations  during  the  advantageous 
situations  of  the  impelling  power  would  compensate  the  re* 
tardations.  But  friction  diminishes  the  accelerations,  with* 
out  diminishing  the  retardations.    , 

We  may  conclude  this  article  with  some  observations 
tending  to  the  general  improvement  of  machines. 

109.  Nothing  contributes  more  to  the  perfection  of  a  ma* 
diine,  especially  such  as  is  massive  and  ponderous,  than 
great  uniformity  of  motion.  Every  irregularity  of  motion 
wastes  some  of  the  impelling  power;  and  it  is  only  the 
greatest  of  the  varying  velocities  which  is  equal  to  that 
which  the  machine  would  acquire  if  moving  uniformly 
throaghont ;  for,  while  the  motion  accelerates,  the  impd^ 
ling  force  is  greater  than  what  balances  the  resistance  then 
actually  opposed  to  it,  and  the  velocity  is  less  than  what 
the  machine  would  acquire  if  moving  uniformly ;  and  when 
the  machine  atUuns  its  greatest  velocity,  it  attains  it  be- 
cause the  power  is  then  not  acting  against  the  whole  resist* 
ance.  In  both  of  these  situations,  therefore,  the  perform* 
ance  of  the  machine  is  less  than  if  the  power  and  resistance 
were  exactly  balanced ;  in  which  case  it  would  move  um« 
formly. 

1 10.  Every  attention  should,  therefore,  be  given  to  this, 
and  we  should  endeavour  to  remove  all  cause  of  irregulari- 
ty. The  communications  of  motion  should  be  so  contrived, 
that  if  the  impelled  point  be  moving  uniformly,  by  the  uni* 
form  pressure  of  the  power,  the  working-point  shall  also  be 
moving  uniformly.  Then  we  may  generally  be  certain,  that 
the  massy  parts  of  the  machine  will  be  moving  uniformly* 
When  this  is  not  done  through  the  whole  machine,  there 
are  continual  returns  of  strains  and  jolts ;  the  inertia  of  the 
different  parts  acting  in  opposite  directions.  Although  the 
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whole  momenta  may  always  balance  each  otbert  yet  the  gt^ 
joeral  motion  is  hobbling,  and  the  points  of  support  are 
strained.  A  great  engine  so  oonstracted^  commonly  causes 
the  building  to  tremble;  but  when  uniform  motion  pervades 
the  whole  machine^  the  inertia  of  each  part  tends  to  pre- 
aerve  this  uniformity^  and  all  goes  smoothly.  It  is  also  de- 
serving of  remark,  that  when  the  communications  arc  so 
contrived  that  tlie  uniform  motion  of  one  part  producei 
imiform  motion  on  the  next,  the  pressures  at  the  communi- 
cating points  remain  constant  or  invariable.  Now  the  ac- 
complishing of  tliis  is  always  within  the  reach  of  me- 
chanics. 

111.  One  of  the  most  usual  communications  in  machine- 
xy  is  by  means  of  toothed  wheels  acting  on  each  other.  It 
is  of  importance  to  have  the  teeth  so  formed,  that  the  press- 
mreby  which  one  of  them  A  urges  the  other  B  round  its 
axis,  shall  be  constantly  the  same.  It  can  easily  be  demon- 
atrated,  that  when  this  is  the  case,  the  uniform  angidar  mo^ 
tion  of  the  one  will  produce  a  uniform  angular  motion  of 
the  other ;  or,  if  the  motions  are  thus  uniform,  the  press- 
ures are  invariable.  This  is  accomplished  on  this  principle, 
that  the  mutual  actions  of  solid  bodies  on  each  other  in  the 
way  of  pressure,  are  perpendicular  to  the  touching  surfaces. 
Therefore,  let  the  tooth  a  (Plate  VIII.  fig.  1.)  press  on  the 
tooth  b  in  the  point  C ;  and  draw  the  line  FCDE  perpendi- 
cular to  the  touching  surfaces  in  the  point  C.  Draw  AF, 
BE  perpendicular  to  FE,  and  let  FE  cut  the  line  AB  in  D. 
It  is  plain,  from  the  common  principles  of  mechanics,  that  if 
the  line  FE,  drawn  in  the  manner  now  described,  always  pass 
through  the  same  point  D,  whatever  may  be  the  situation 
of  the  acting  teeth,  the  mutual  action  of  the  wheels  will  al- 
ways be  the  same.  It  will  be  the  same  as  if  the  arm  AD 
acted  on  the  arm  BD*  In  the  treatises  on  the  construction 
of  mills,  and  other  works  of  this  kind,  are  many  instructions 
.for  the  formation  of  the  teeth  of  wheels ;  and  almost  every 
.noted  millwright  has  his  own  nostrums.  Most  of  them  are 
cgregiously  faulty  in  respect  of  mechanical  principle.    In- 
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daedf  ^&y  are'little  ebe  than  instnictioiis  Iiow  to  moke  the 
teeth  dear  each  other  without  sticking.  Mr  de  la  Hire 
fint  pointed  out  the  above-mentioned  prindpl^  and  justly 
condemned  the  common  practice  of  making  die  small  whedi 
or  pinion  in  the  form  of  a  lantern,  (whence  it  ako  took  its 
name)  consisting  of  two  round  disks,  haying  a  number  of 
cylindrical  spokes  (fig.  2.)  The  slightest  inspection  of  this 
construction  shews,  that,  in  the  different  situations  of  the 
working  teeth,  the  line  FCE  continually  changes  its  inter- 
section  with  AB.  If  the  wheel  B  be  very  small  in  ccHnpa^ 
rison  of  the  other,  and  if  the  teeth  of  A  take  deep  hold  of 
the  cylindrical  pins  of  B^  the  line  of  action  EF  is  sometimes 
so  disadvantageously  placed^  that  the  pressure  of  the  one 
wheel  has  ^scarcely  any  tendency  at  all  to  turn  the  other.  Mr 
de  la  Hire,  or  Dr  Hooke,*  was,  we  think^  the  first  who  in* 
Testigated  the  form  of  tooth  which  procured  this  constant 
action  between  the  wheels ;  and,  in  a  very  ingenious  disser*' 
tation^  published  among  the  Memoirs  of  the  Academy  of 
Sciences  at  Paris,  1668,  the  former  of  these  gentlemen 
thews,  that  this  will  be  ensured  by  forming  the  teeth  inta 
epicycloids..  Mr  Camus,  of  the  same  academy,  has  publish^ 
ed  an  elaborate  dissertation  on  the  same  subject,  in  which 
he  prosecutes  the  principle  of  Mr  de  la  Hire,  and  applies  it 
to  all  the  varie^  of  cases  which  can  occur  in  practic^f 
There  is  no  doubt  as  to  the  goodness  of  the  principle ;  and 
it  has  another  excellent  property,  ^*  that  the  mutual  action 
of  the  teeth  is  absolutely  without  any  friction."  The  one  tooth 
only  applies  itself  to  the  other,  and  rolls  on  it,  but  does  not 
slide  or  mb  in  the  smallest  degree.  This  makes  them  last 
lon^  or  rather  does  not  allow  them  to  wear  in  the  leasts 


*  This  propertj  of  tke  Epicycloid  was  first  pointed  out  hj  the  celebratod 
Danish  astronomerj  Olans  Roemer. 

t  Camus's  Dissertation  on  the  Teeth  of  Wheels,  as  published  in  his  Cwrt  de 
Uathmiuitlque,  has  betn  traaalated  into  English,  and  was  published  in  160A 
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But  tbe  construction  w  subject  to  a  linutatlon  whidi  muc 
not  be  neglected.     The  teeth  inuat  be  so  made,  that  the 
curved  part  of  tlic  tooth  l  w  acted  on  by  a  flat  part  of  the 
tooth  a  till  it  comes  to  the  line  AB  in  the  course  of  itg 
action  ;  aficT  which,  the  curved  part  of  a  acts  on  a  Hat  part 
of  &;  or  the  whole  action  of  <]  on  £  is  either  completed,  or 
only  begins  at  the  line  AB,  joining  the  centres  of  the  wheels. 
112.  Another  form  of  the  teeth  secures  the  perfect  uni- 
formity of  action  without  this  limitation,  which  requires 
very  nice  execution.     Let  the  teeth  of  each  wheel  be  Ibrm- 
ed  by  evolving  its  circumference  ;  that  is,  let  the  acting  face 
GCH  of  the  tooth  a  have  the  form  of  the  curve  traced  by 
the  extremity  of  the  thread  FC,  unlopped  from  the  circum- 
fcrence.     In  like  manner,  let  the  acting  face  of  the  tootli  6 
be  formed  by  nnlapping  a  thread  from  its  circumference.  It 
is  evident,  that  the  line  FCE,  which  is  drawn  perpendicn- 
iarly  to  the  touching  surfaces  in  the  point  C,  is  just  the  di- 
rection or  position  of  the  evolving  threads  by  which  the  two 
acting  faces  are  formed.     This  line  must  therefore  be  the 
OAtti&CH)  tangent  to  the  two  drcle*  or  ciraaMferences  of  the 
irbeelfs  and  will  therefore  always  cut  the  line  AB  in  the 
MBie  point  D.    Iliis  form  allows  tbe  teeth  to  act  on  each 
other  through  the  whole  extent  of  the  line  FCE,  and  Uiere- 
fcre  will  admit  of  several  teeth  to  be  acting  at  tbe  same 
time  (twice  the  number  that  con  be  admitted  in  Mr  de  la 
Hirers  method.)    This,  by  dividing  tbe  pressure  among  se* 
,  vera]  teeth,  diminishes  its  quantity  on  any  one  of  them,  and 
dmnfore  diminishes  tbe  dents  or  impressions  which  they 
nBavcndably  make  on  each  other.     It  is  not  altogether  free 
from  didiDg  and  friction,  but  the  whole  of  it  con  hardly  be 
said  to  be  sensible.  The  whole  slide  of  a  tooth  three  inches 
long,  belonging  to  a  wheel  of  ten  feet  diameter,  acting  on 
a  tooth  of  a  wheel  of  two  feet  diameter,  does  not  amount  to 
^th  of  an  inch,  a  quantity  altogether  insignificant. 

In  the  fonnatiou  of  the  teeth  of  wheels,  a  small  deviation 
from  these  perfect  forms  is  not  perhaps  of  very  great  u» 
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porUaiec^  except  in  cases  wlrere  a  verjr  large  wh^  drivet'a 
vcrjr  small  one  (a  thing  which  a  good  engineer  will  alwajs 
avoid.)  As  tbe  constmction,  however,  is  exceedingly  easy, 
k  would  be  nnpardonable  to  omit  it.  Well-fonned  teeth^ 
and  a  great  number  of  them  acting  at  once^  make  the  coin-^ 
municadon  of  motion  extremely  smooth  and  uniform.  Thar 
Hiadiine  works  without  noise,  and  the  teeth  last  a  ^etf 
long  time  without  sensibly  changing  their  shape.  But 
there  are  cases,  such  as  the  pallets  of  clocks  and  watches^ 
where  the  utmost  accuracy  of  Ibrm  is  of  the  greatest  impoart- 
anoe  for  the  perfection  of  the  work. 

lis.  When  heavy  stampers  are  to  be  raised,  in  order  t6 
drop  on  the  matters  to  be  pounded,  the  wipers  by  which' 
they  are  lifted  should  be  made  of  such  a  form  that  thf^ 
stamper  may  be  raised  by  a  uniform  pressure,  or  teith  a  did* 
tion  almost  perfectly  uniform.  If  this  is  not  attended  to/ 
and  tbe  wiper  is  only  a  pin  sticking  out  from  the  axfs/  tlltf 
alamper  is  forced  into  motion  at  once.  This  occasions  vib- 
lent  jolts  to  the  machine,  and  great  strains  on  its  moving' 
parts  and  their  points  of  support;  whereas,  when  they  are 
gradually  lifted^  the  inequality  of  desultoiy  motion  is  netef 
jfelt  at  the  impelled  point  of  Uie  machine.  We  have  seen 
pistons  moved  by  means  of  a  double  rack  6n  the  piston-rod. 
A  half  wheel  takes  hold  of  one  rack,  and  raises  it  to  the  re^ 
quired  height.  The  moment  the  half  wheel  has  quitted  that 
side  of  the  rack,  it  lays  hold  of  the  other  side,  and  forces 
the  piston  down  again.  This  is  proposed  as  a  great  im- 
provement; correcting  the  unequable  motion  of  the  piston' 
moved  in  the  common  way  by  a  crank.  But  it  is  far  infe- 
rior to  the  crank  motion.  It  occasions  such  abrupt  chiAr- 
ges  of  motion,  that  the  machine  is  shaken  by  jolts.  In- 
deed, if  the  movement  were  accurately  executed,  the  ma- 
chine would  be  shaken  to  pieces,  if  the  parts  did  not  g^ve 
way  by  bending  and  yielding.  Accordingly,  we  have  al- 
ways observed  that  this  motion  soon  failed,  and  was  chan- 
ged for  one  that  was  more  smooth.    A  judicious  engineer 

VOL.  If.  R 
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will  atdd  all  such  sudden  changes  of  motioDt  espedallj  in 
an  J  ponderous  part  of  a  machine.* 

When  several  stamper%  pistonsy  or  other  reciprocal  mo- 
vcrsy  are  to  be  raised  and  depressedy  conungn  senseteachea 
us  to  distribute  their  times  of  action  in  a  uniibrm  manner^ 
so  that  the  machine  may  always  be  eqoalty  loaded  with 
work.  When  this  is  done^  and  the  observatioDs  in  the  pre* 
ceding  paragraph  attended  to,  the  machine  may  be  made 
to  move  almost  as  smoothly  as  if  there  were  no  reciproca- 
ticms  in  it.  Nothing  shews  the  ingenuity  of  the  author 
more  than  the  artfiil,  yet  simple  and  effcctoal  contriTanoesy 
for  obviating  those  difficulties  that  unavoidably  arise  from 
the  .very  nature  of  the  work  that  must  be  performed  by  the 
machine^  and  of  the  power  employed.  The  inventiye  ge- 
nius and  sound  judgment  of  Watt  and  BoitltOB  are  as  pei^ 
ceptiUe  to  a  sldUed  observer,  in  these  subordinate  parts  of 
some  of  their  great  engiaes»  as  in  the  original  discovery  on 
which  theur  patent  is  founded.  In  umm  of  those  enginesy 
the  mass  of  dead  matter  which  must  be  put  into  motion^ 
and  this  motion  destroyed  and  again  restored  in  every 
stroke,  is  enormous,  amounting  to  above  an  hundred  tons. 
The  ingenious  authon  have  even  contrived  to  draw  some 
advantages  from  it,  by  allowing  a  groat  want  of  equilibrium 
in  certain  positions;  and  this  has  been  condemned  as  a 
blunder  by  engineers  who  did  not  see  the  use  made  of  it. 

114.  There  is  also  great  room  for  ingenuity  and  good 
choice  in  the  management  of  the  moving  power*  when  it  is 
such  as  cannot  immediately  produce  the  kind  of  motion  re- 
quired for  elfecting  the  purpose.  We  mentioned  the  conver- 
sion of  the  continued  rotation  of  an  axis  into  the  reciproca* 
ting  motion  of  a  piston,  and  the  improvement  which  was 


«  For  farther  ihforttalion  on  tills  sabjcct,  sec  Camus*  Cours  de  Mathema- 
Hfut,  (  550  J  Bobtrtfton  Buchanau's  Etttty  on  the  Teeth  of  Wheets,  London. 
IBOa)  and  FcrgiMon*t  Lectores,  vol,  ii.  Append  ix»«-£o. 
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tho^gy  to  have  bien  mmde  en  the  comnon  and  obriont 
oontiifrtaoe  of  a  arnnk,  by  s«bttitutiiig  a  doable  ratk  en 
tlie  jpuiUM^rod^  and  the  iiDeonireDience  ariaiB^  from  the  jirita 
ooeadoBed  by  thi»  cfaangew  We  have  leen  a  great  fbrge^ 
where  the  engineer,  m  order  to  avoid  the  same  inoooTe* 
nience  arising  from  the  abitipt  motion  given  to  the  great 
sledge-hammgr  of  ecves  hmidred  wdght»  resisting  irith  m 
five-fold  momentom,  fonned  the  wipers  into  spiral%  which 
ooounnnicated  motioii  to  the  hammer  afanoet  without  my 
jok  whatever  i  but  the  resnit  was,  diat  the  hammer  rose  bo 
h%|her  than  it  had  been  raised  in  contact  with  the  wipai^ 
and  then  feU  on  the  iron  Ubom  with  very  little  eflect.  The 
cause  of  its  inefficiency  was  not  guessed  at;  bat  it  was  re- 
movcdy  and  wipers  of  the  oomaon  form  were  pot  in  place 
of  thespnrab.  In  this  opersdon,  the  n^iid  motioBi  of  tUT 
hammer  is  afaeolntely  mceieary.  It  is  not  enongh  to  2g^  it 
np;  itansitbeloMifiipiao  as  to  fly  higher  than  the  wiper 
lifts  itt  and  to  strike  with  great  force  the  strong  oakes 
spring  which  is  plaeedin  its  way*  It  compresses  this 
ifMring^  and  is  refiisoted  by  it  wiih  a  considerable  velocity^ 
so  as  to  hit  the*  iron  as  if  it  had  fallen  firom  a  great  hdg^ 
Had  it  been  allowed  to  fly  to  that  height,  it  wooUi  hme 
fallen  upon  the  iron  with  somewhat  more  force  (because  no 
oaken  qiring  is  perfeody  dastic,)  bot  this  wonid  have  re- 
quired more  than  twite  the  time. 

115.  In  employing  a  power  which  of  necessity  reetpro- 
catesy  (bo  drive  mnchiuery  wliidi  reqatres  a  continuons  aso- 
tion,  (as  in  applying  the  steam-engine  to  a  cotton  or  a  grist- 
mitly)  there  also  occur  great  difficulties.  The  necessity  of 
reciprocation  in  the^ first  mover  wastes  much  powers  be- 
cause the  instrument  which  coaamanicates  such  an  eiioihi 
mous  force  must  be  extremely  strong,  and  be  wdl  support- 
ed. The  impelfing  power  is  wasted  in  imparting,  and  af- 
terwards detroying,  a  vast  quantity  of  motion  in  the  work- 
ing beam.  The  skilful  engineer  will  attend  to  this,  and 
do  his  utmost  to  procure  the  necessary  strength  of  this 
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first  moirery  without  making  it  a  Fast  load  of  inert  matter. 
He  will  abo  remark^,  that  all  the  straim  on  h,  and  on  its 
aqpportf,  are  changing  their  directions  in  every  stroke 
This  requires  particular  attention  to  the  manner  of  sup- 
porting it.  If  we  obsenre  the  steam-engines  which  have 
been  long  erected^  we  see  that  thqr  have  uniformly  shaken 
the  building  to  pieces.  This  has  been  owing  to  the  igno- 
rance or  inattention  of  the  engineer  in  this  particular. 
Thqr  are  much  more  judidonaly  erected  now^  experience 
having  taught  the  most  ignorant  that  no  building  can  with- 
stand their  desultory  and  opposite  jolts,  and  that  the  great 
movements  must  be  supported  by  a  frame-work  independ- 
ent of  the  building  of  masonry  which  contains  it.* 
*  The  engineer  will  also  remark^  that  when  a  single-stroke 
steam-engine  is  made  to  turn  a  mill,  all  the  communica- 
tions of  motion  change  the  directio^of  their  pressure  twice 
every  stroke.  During  the  working-strdce  of  the  beam,  one 
side  of  the  teeth  of  the  intervening  wheels  is  pressing  the 
machinery  forward ;  but  during  the  returning  stroke,  the 
machinery,  already  in  motion,  is  dragging  the  beam,  and 
the  wheels  are  acting  with  the  other  side  of  the  teeth.  This 
occasions  a  rattling  at  every  change^  and  makes  it  proper 
to  fashion  both  sides  of  the  teeth  with  the  same  care. 

It  will  frequently  conduce  to  the  good  performance  of  an 
engine,  to  make  the  action  of  the  resisting  work  unequable, 
accommodated  to  the  inequalities  of  the  impelling  power. 
This  will  produce  a  more  uniform  motion  in  machines  in 


*  The  gudgeons  of  a  water-wheel  should  never  rest  on  the  wall  of  the 
liailding.  It  shakes  it ;  and  if  set  up  soon  after  the  building  has  been  erect- 
ed»  it  prevents  the  mortar  from  taking  firm  bond ;  perhaps  hj  shattering  the 
calcareous  crystals  as  they  form.  When  the  engineer  is  obliged  to  rest  the 
gudgeons  in  this  way,  they  should  be  supported  by  a  block  of  oak  laid  a  lit- 
tle hollow.  This  softens  all  tremors,  like  the  springs  of  a  wheel  carriage. 
This  puKtice  would  be  Tery  serviceable  in  many  other  parts  of  the  construe- 
tia«.  * 


MACHIM£RT»  249 

whidi  the  momentum  of  inertia  is  inconsiderable.  There 
are  jome  beautiful  specimoiis  of  this  kind  of  adjustment  in 
the  mechanism  of  animal  bodies. 

1 16.  It  is  very  customary  to  add  what  is  called  a  Flt  to 
machines.  This  is  a  heavy  disk  or  hoop^  or  other  mass  gf 
matter,  balanced  on  its  axisf  and  so  connected  with  the  ma* 
chinery  as  to  turn  briddy  round  with  it.  This  may  be 
done  with  the  view  of  rendering  the  motion  of  the  whole 
more  regular,  notwithstanding  unavoidable  inequalities  of 
the  accelerating  forces,  or  of  the  resistances  occasioned  by 
the  work.  It  becomes  a  RsauLAToa.  Suppose  the  resist* 
ance  extremely  unequal,  and  the  impelling  power  perfectly 
constant ;  as  when  a  bucket  wheel  is  employed  to  work  one 
pump.  When  the  piston  has  ended  its  working-strcdL^ 
and  while  it  is  going  down  the  barrel,  the  power  of  the 
wheel  being  scarcely  opposed,  it  aceelerates  the  whole  mar 
cbine^  and  the  piston  arrives  at  the  bottom  of  the  band 
with  a  considerable  velocity.  But  in  the  rising  again,  the 
wheel  is  opposed  by  the  column  of  water  now  pressing  cm 
the  piston.  This  immediately  retards  the  wheel ;  and  when 
the  piston  has  reached  the  top  of  the  barrel,  all  the  accel^ 
ration  is  undone,  and  is  to  begin  again.  The  motion  of 
such  a  machine  is  very  hobbling ;  but  the  surplus  of  ac» 
celerating  force  at  the- beginning  of  a  returning*stroke  wiU 
not  make  such  a  change  in  the  motion  of  the  machine  if  we 
connect  the  fly  with  it.  For  the  accelerating  momentum  is 
a  determinate  quantity.  Therefore^  if  the  radius  of  the  fly 
be  great,  this  momentum  will  be  attained  by  communica- 
ting a  small  angular  motion  to  the  machine.  The  mo- 
mentum of  the  fly  is  as  the  square  of  its  radius ;  therefore 
it  resists  acceleration  in  this  proportion ;  and  although  the 
overplus  of  power  generates  the  same  momentum  of  rota- 
tion in  the  whole  machine  as  before,  it  makes  but  a  small 
addition  to  its  velocity.  If  the  diameter  of  the  fly  be  dou- 
bled) the  augmentation  of  rotation  will  be  reduced  to  one- 
fourth.    Thus,  by  giving  a  rapid  motion  to  a  small  quant 

4 


\ 


250  ICACHIMERT. 

Iky  of  matter,  the  great  aoodleration  daring  the  retuming- 
■Iroke  of  the  pulon  ia  prerentcd.  This  acceleration  con- 
tinneSf  however,  during  the  wholc.of  Uie  retnming-itroke, 
and  at  the  end  of  it  the  machine  hai  acquired  iu  greatest 
vefecity.  Now  the  working^stroke  begins,  and  the  oyerplus 
of  power  is  at  an  end.  The  machine  accelerates  no  more ; 
bnt  if  the  power  is  just  in  equilibrio  with  the  Resistance,  it 
keeps  the  velocity  which  it  has  acquired,  and^is  still  more 
accelerated  during  the  ticxt  retuming^stroke.  But  now,  at 
the  beginning  of  the  subsequent  working-stroke,  there  is 
'an  overplus  of  resistance,  and  a  retardation  begins,  and 
continues  during  the  whole  rise  of  the  piston  $  but  it  is  in- 
considerable in  comparison  of  what  it  would  have  been 
-without  the  fly ;  for  die  fly,  retaining  iu  acquired  momen- 
tum, drags  forward  the  rest  of  the  machine,  aiding  the  im- 
pelling power  of  the  wheeL  It  does  this  by  all  the  commu- 
nications taking  into  each  other  in  the  opposite  direction. 
The  t^eth  of  the  intervening  wheels  are  heard  to  drop 
iirom  their  former  contact  on  one  side,  to  a  contact  on  the 
either*  By  considering  this  process  with  attention,  we  easily 
perceive  that,  in  a  few  strokes,  the  overplus  of  power  du- 
ring the  returning-stroke  comes  to  be  so  adjusted  to  the 
deficiency  during  the  working-stroke,  that  the  accelerations 
and  retardations  exactly  destroy  each  other,  and  every  sue* 
ceeding  stroke  is  made  with  the  same  velocity,  and  an  equal 
number  of  strokes  is  made  in  every  succeeding  minute. 
Thus  the  machine  acquires  a  general  uniformity  with  pe- 
riodical inequalities.  It  is  plain,  that  by  sufficiently  en- 
larging cither  the  diameter  or  the  weight  of  the  fly,  the 
irregularity  of  the  motion  may  be  rendered  as  small  as  wc 
please.  It  is  much  better  to  enlarge  the  diameter.  Tliis 
preserves  the  friction  more  moderate,  and  the  pivot  wears 
less.  For  these  reasons,  a  fly  is  in  general  a  considerable 
improvement  in  machinery,  by  equalizing  many  exertions 
that  are  naturally  very  irregular.  Thus,  a  man  working  at 
a  common  windlass,  exerts  a  very  irregular  pressure  on  the 
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winch.  In  one  of  his  poeitioni  in  each  tarn  he  can  ttert  a 
Ibroe  of  near  70  ponnds  without  fatigue^  but  In  another  ha 
cannot  exert  above  26 ;  nor  mnst  be*be  loaded  with  nmdi 
above  this  in  generaL  Bat  if  a  lar^  fly  be  connected  ptt>» 
perly  with  the  windlass,  he  will  act  with  equal  ease  and 
speed  against  SO  pounds. 

1 17*  This  regulating  power  of  the  fly  is  without  boonda, 
and  may  be  used  to  vender  uniform  a  motion  produced  by 
the  roost  desultory  and  irregular  power.  It  is  thus  that  th^i 
most  regular  motion  is  given  to  mills  that  ttre  drlveii  by 
a  single-stroke  steam-engine^  where  for  two  or  even  three 
seconds  there  is  no  force  pressing  round  the  mill.  The 
communication  is  made  through  a  mateive  fly  of  very  great 
diameter,  whirling  with  great  rapidity.  As  soon  as  the  in* 
pulse  ceasesi  the  fly,  ^ntinuing  its  motion,  urges  round 
the  whole  machinery  with  almost  unabated  speed.  At  this 
instant  all  the  te^,  and  all  the  joints,  between  the  fly 
and  the  first  mover,  are  heard  to  catch  hi  the  opporite  d(« 
rection. 

If  any  permanent  change  should  happen  in  the  ImpelHng 
power,  or  in  the  resistance,  the  fly  makes  no  obstacle  to^lla 
producing  its  full  effect  on  the  machine ;  and  it  will  be  ob« 
served  to  accelerate  or  retard  uniformly,  till  a  new  general 
speed  is  acquired  exactly  corresponding  with  this  new  power 
and  resistance. 

Many  machines  include  in  their  construction  movements 
which  are  equivalent  with  this  intentional  r^uktor.  A 
flour-mill,  for  example,  cannot  be  better  regulated  than  by 
itff  millstone;  but,  in  th^  Albion  mills,  a  heavy  fly  was 
added  with  great  propriety  $  for  if  the  mills  had  been  re- 
gulated by  their  millstones  only,  then  at  every  change  of 
stroke  in  the 'steam-engine,  the  whole  train  of  communica- 
tions betweoi  the  beam,  which  is  the  first  mover,  and  the 
regulating  millstone,  which  is  the  very  last  mover,  would 
take  in  the  opposite  direction.  Although  each  drop  in  the 
teeth  and  joints  be  but  a  trifle,  the  whole,  added  together. 
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would  mviijc  a  considerable,  jolt.  This  is  avoided  by  a  re- 
gulator immediatelj  adjoiiuug  to  the  beam.  This  conti** 
nuallj  presses  the  workiog-machinery  in  one  dire^on.  So 
judiciously  were  the  movements  of  that  noble  machine  con- 
Uived»  and  so  nicely  were  they  executed,  that  not  th^ 
least  noise  was  heard,  nor  the  slightest  tremor  felt  in  the 
gilding. 

Mr  Va]on6*s  beautiful  pilenengine^  employed  at  West- 
minster  Bridge,  is  another  remarkable  instance  of  the  re* 
gulating  powers  of  a  fly.  When  the  nun  is  dropped^  and 
its  follower  disengaged  immediately  afto:  it,  the  horses 
would  instantly  tumble  dowp,  because  the  load,  against 
^hich  they  had  been  straining  hard,  is  at  once  taken  off; 
but  the  gin  is  connected  with  a  very  large  fly,  which  checks 
may  remarkable  acceleration,  allowing  the  horses  to  lean  on 
it  during  the  descent  of  tlie  load ;  after  which  their  draught 
recommences  immediately.  The  spindles,  cards,  and  bob- 
bjnsy  of  a  cotton-mill,  are  also  a  sort  of  flies.  Indeed  all 
bulky  machines  of  the  rotative  kind  tend  to  preserve  theii* 
modern  with  some  degree  of  steadiness,  and  their  great  mo* 
mentum  of  inertia  is  as  useful  in  this  respect  as  it  is  pre- 
judicial to  the  acceleration  or  any  reciprocation  when 
wanted. 

118.  There  is  another  kind  of  regulating-fly,  consisting 
of  wings  whirled  briskly  round  till  the  resistance  of  the  air 
prevents  any  great  acceleration.  Tliis  is  a  very  bad  one 
lor  a  working  machine,  for  it  produces  its  effect  by  real(y 
wasting  a  part  of  the  moving  power.  Frequently  it  employs 
a  very  great  and  unknown  part  of  it,  and  robs  the  proprie- 
tor of  much  Work.  It  should  never  be  introduced  into  any 
machine  employed  in  manufactures. 

119.  Some  rare  cases  occur  where  a  very  different  regu- 
lator is  required ;  where  a  certain  determined  velocity  is 
found  n^essary.  In  this  case  tlic  machine  is  furnished, 
fit  its  extreme  mover,  with  a  conical  pendulum,  consisting 
pf  two  heavy  balls  hanging  by  rods,  which  move  in  very 


L 


MACHINERY.  ass 

nice  Mbd  steady  joints  at  the  lop  of  a  vertical  axis.  It  is 
y/tlL  kncfWBf  that  when  this  axis  turns  ronndy  with  an  an- 
gular Telocity  suited  to  the  length  of  those  pendolomSf  the 
time  of  a  revolution  is  determined.  Thu8»  if  the  length  of 
€Pfik  pendulum  b^  d9|  inches,  the  axis  will  make  a  revolu- 
tion in  two  seconds  veiy  nearly.  If  we  attempt  to  force  it 
more  swiftly  round,  thue  balls  will  recede  a  little  from  the 
axi8»  but  it  employs  as  long  time  for  a  revolution  as  before; 
^d  we  cannot  make  it  turn  swifter,  unless  the  impelling 
power  be  increased  beyond  all  probability ;  in  which  case 
tile  pendulum  will  fly  out  from  the  centre  till  the  rods  are 
horizontal,  after  which  every  increase  of  powor  will  accele* 
rate  the  machine  very  sensibly.  TifTatt  and  Boulton  have 
applied  thii  contrivance  with  great  ingenuity  to  their  steaiiH 
en^es,  when  they  are  employed  for  driving  machinery  for 
manu&ctures  which  have  a  very  changeable  resistance,  and 
where  a  certain  speed  cannot  be  much  departed  from  witln 
out  great  inconvenience.  They  have  connected  this  recess 
of  the  balls  from  the  axis  (which  gives  immediate  indica- 
tion of  an  increase  of  power  or  a  diminutiop  of  resistance) 
with  the  cock  which  admits  the  steam  to  the  working- 
cylinder.  The  balls  flying  out,  cause  the  cock  to  dose  a 
little,  and  diminish  tlie  supply  of  steam.  The  impdling 
power  diminishes  the  next  moment,  and  the  balls  again 
approach  the  axis^  and  the  rotation  goes  on  as  before  al- 
though there  may  have  occurred  a  very  great  excess  or  de- 
ficiency of  power.  The  same  contrivance  may  be  employed 
to  raise  or  lower  the  feeding  s^ice  of  a  water-mill  employ- 
ed to  drive  madiinery. 

ISO.  A  fly  is  sometimes  employed  for  a  different  purpose 
from  that  of  a  rq^ulator  of  motion :  It  is  employed  as  a  col^ 
lector  of  power.  Suppose  all  resistance  removed  from  the 
working-point  of  a  machine  ftimished  with  a  very  large  or 
heavy  fly  immediately  connected  with  the  working-point. 
"When  a  small  force  is  a{q>lied  to  the  impelled  point  of  this 
gmchine,  motion  will  begin  in  the  machine,  aiid  the  fly 
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123.  £AB  (fig.  3.)  is  the  barrel  of  the  capstan^  standing 
ireriically  in  a  proper  frame^  as  usnali  and  urged  round  by 
bars  such  as  £F.  The  upper  part  A  of  the  barrel  is  17 
inches  in  diameter,  and  the  lower  B  is  16.  C  is  a  strong 
poUqr  16  inches  in  diameteri  having  a  hook  D,  which  takes 
hokl  of  a  hawser  attached  to  the  load.  Tlie  rope  ACB  is 
wound  round  the  barrel  A|  passes  over  the  puUey  Q  and  is 
then  wound  round  the  barrel  B  in  the  opposite  direction. 
No  &rther  description  is  necessary,  we  think,  to  shew  that, 
by  heaving  by  the  bar  F,  so  as  to  wind  more  of  the  rope 
upon  Aj  and  unwind  it  from  B,  the  pulley  C  must  be 
brought  nearer  to  the  capstan  by  about  three  inches  for 
aach  turn  of  the  capstan  ;  and  that  this  sunple  capstan  is 
equivalent  to  an  ordinary  capstan  of  the  same  length  of  bar 
£F,  and  diameter  of  barrel  B,  combined  with  a  ^teen- 
fold  lackle  of  pulleys;  or,  in  short,  that  it  is  16  times  more 
powarfiil  than  the  common  capstan,  free  from  the  great  loss 
by  friction  and  bepiding  of  ropes,  which  would  absorb  a 
third  of  the  power  of  a  suj^teen-fold  tackle  ;  and  that  where* 
as  all  other  engines  become  weaker  as  they  multiply  the 
power  to  a^  greater  degree,  (unless  they  are  proportionally 
more  bulky)  this  engine  becomes  really  stronger  in  itself. 
Suppose  we  wanted  to  have  it  twice  as  powerful  as  at  pre- 
sent, nothing  is  necessary  but  to  cover  the  part  B  of  the 
barrel  with  laths  a  quarter  of  an  inch  thick*  In  shorty  the 
nearer  the  two  barrels  are  to  equality,  the  more  powerful 
docs  it  become.  We  give  it  to  the  public  as  an  excellent 
capstan,  and  as  suggesting  thoughts  which  an  intelligent  en- 
gineer may  employ  witli  great  effect.  By  this  contrivance, 
and  using  an  iron  wire  instead  of  a  catgut,  we  converted 
a  common  eight-day  clock  into  one  which  goes  for  two 
months. 

We  have  now  established  the  principles  on  which  ma- 
chines must  be  constructed,  in  order  that  they  may  produce 
the  greatest  effect;  but  it  would  be  improper  to  dismiss  the 
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subject  without  stating  to  our  readers  Mr  Bramah's  new 
method  of  producing  and  applying  a  more  considerable  de- 
gree of  power  to  all  kinds  of  machinefy  requiring  motioa 
and  forces  than  by  any  means  at  present  practised  for  that 
purpose.  This  metbod,  fi>r  which,  on  the  3 1st  of  Marcbf 
1796,  he  obtained  a  patent,  omsists  in  the  application  of 
water,  or  other  dense  fluids,  to  various  engines,  so  as,  in 
aome  instances^  to  cause  them  to  act  with  immense  force; 
in  others,  to  communicate  the  motion  and  powers  of  one 
part  of  a  machine  to  some  other  part  of  the  same  machine; 
and,  lastly,  to  communicate  the  motion  and  force  of  one 
machine  to  another,  where  their  local  situations  preclude 
die  application  of  all  other  methods  of  oonnection* 

The  first  and  most  material  part  of  this  invention  will  be 
clearly  undei^stood  by  an  inspection  of  fig*  4.,  where  ^*  A  is 
a  cylinder  of  iron,  or  other  materials,  sufficiently 'strong, 
and  bored  perfectly  smooth  and  cylindrical }  into  which  is 
fitted  the  piston  B,  which  must  be  made  perfectly  water* 
tight^  by  leather  or  other  materials,  a»  used  in  pump-ma^ 
king.  The  bottom  of  the  cylinder  must  also  b6  made  sn& 
Bdently  stron|^  with  the  other  part  of  the  surface^  to  be  ca^ 
pable  of  resisting  the  greatest  force  or  strain  that  may  at  any 
time  be  required.  In  the  bottom  of  the  cylinder  is  inserted 
the  end  of  the  tube  C,  the  aperture  of  which  communicates 
with  the  inside  of  the  cylinder,  under  the  piston  B,  wh^re 
it  is  shut  with  the  small  valve  D,  the  same  as  the  suction- 
pipe  of  a  common  pump.  The  other  end  of  die  tube  C  com- 
municates with  the  small  forcing-pump  or  injector  £,  by 
means  of  which,  water,  or  other  dense  fluids,  can  be  for- 
ced or  injected  into  the  cylinder  A,  under  the  piston  B. 
Now,  suppose  the  diameter  of  the  cylinder  A  to  be  IS 
inches,  and  the  diame^r  of  the  piston  of  small  pump  or  in- 
jector E  only  one  quarter  of  an  inch,  the  proportion  be- 
tween the  two  surfaces  or  ends  of  the  said  pistons  will  be  at» 
1  to  £504 ;  and  supposing  the  intermediate  space  between 
them  to  be  filled  with  water,  or  other  dense  fluid,  capable  cf 
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amflkieiit mistaBoe^  Iba ibrce of ona pbtan nliaict on  tha 
olhor  jwt  in  the  alMra  prqfNNrtioDt  viib. «  I  is  to  8304. 
fioppote  tht  ■maB  phlnn  in  dw  iiyedor  t»  bt  fawad  dowt 
idiin  in  Iba  aal  of  pHnping  or  iqyecting  lAtar  int0  the  c^ 
lindar  A,  with  the  povac  of  flQ.'Owt^  aAiiah  ooidd  eadly  bo 
dmia  hy.lhakfar  Hi  Aa  piiton  B  would tfanbamofad  up 
wM»  •  fiwwafoal  to flQjCBVt  mnkipUad  I7  «M>^  Thotia 
caoitniGtad  a  hydro^machaninal  angine^  whaiabjr  a  wm^ 
aaioonting  to  SSOiiiaM  can  ba  laiitd  bf  a  umple  levers 
tkwwugh  e^oal  ipaoiv  iB  anah  Ism  tima  than  oooU  ba 
done  by  anj  a|yarslnioanit<Batad  on  tha  imown  priDcipka 
af  maahaniri  1  and  itiMgr  bo  pioparto  obian^  that  tho 
dbct  of  ail  othar  moihitiiffiil  aaiabinaflona  ia  ooanterBcted 
tagr  an  aconmalatid  conpliaatioB  af  part%  which  randen 
tbam  laaapaUa  of  Iwii^.nMfidff  aktendad  bajond  a  ce^^ 
dc|praa}biitin  iMtrhiiaiM  adad  apon  or  ccnitinctad  on  thia 
piinciiplat  a?  ei^ .  difl^onl^  of  llua  kind  it  obviatad ,  and  their 
powfrsnfegaet  to  no  finite  raitnant  To  piofa  thit,  k  wiU  be 
onilj.  naaoiiaiy  to  ramavk»  that  tha  ibtce  of  mf  madiina 
aMing  Mpon  thii  ;prinGipla  can  ba  incnaaad  ad  ujfimiumf 
either  bj  extendiDg  the  proportion  between  jf»  diameter  of 
the  injecter  and  the  cylinder  A|  or  by  applying  greater 
power  to  the  leter  H. 

**  Fig.  5.  represents  the  section  of  an  enginOt  by  which 
▼aiy  wonderful  efiects  may  be  produced  instantaDeousIy  by 
means  of  compressed  air«  'A  A  is  a  cyliader,  with  the  pis- 
ton B  &Uing,  air^tightt  in  the  same  mauner  as  described  in 
fig.  4.  .  C  is  a  globular  vessel  made  of  copper,  iron,  or 
other  strong  materialsi  capable  of  resisting  immense  force, 
similar  to  those  of  air-guns.  D  is  a  strong  tube  of  small 
borcj  in  which  is  the  stop-cock  £•  One  of  the  ends  of 
this  tube  communicates  with  the  cylinder  under  the  piston 
B|  and  the  otiier  with  the  globe  C.  Now,  suppose  tlie  cy- 
linder A  to  be  the  same  diameter  as  that  in  fig.  4*>  and  the 
tube  D  equal  to  one-quarter  of  an  indi  diameter,  which  is 
the  same  as  the  injector^  fig.  4* :  then^  suppose  that  air 
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il  injaelfld  into  the  g^be  C  (by  the  oomiiMm  method)  tUl  it 
pitwttM  iflfiiniT  Um  cock  E  witk  a  force  equal  to  80  ewu, 
wlMi  e«ti  eeeily  be  doM|  the  cdmeqaence  will  be^  tbet 
vheft  the  cock  E  ii  opooed^  dM  pbton  B  will  be  moted  ia 
the  eylitider  AA  with  apower or  force  equal  to  8904  tone  i 
aad  ft  ie  obvfo«%  at  in  the  eaieilg*  4.,  that  any  other  onli- 
nitied  degree  of  fofcaaey  be  acqoired  by  machines  or  eiK 
gittei  thai  eooettiicied. 

<<  F%.  6.  Ii  i  fttfctien  merely  to  ihow  how  the  power  and 
iflOliM  of  iMe  machine  may,  by  means  of  fluidsi  bo  trails^ 
ftMid  or-  eotniMmicHted  to  another,  let  their  distance  and 
toeal  shoaitiMi  be  what  Aey  may.  A  and  B  are  two  small  cy^' 
Itadeis,  ooooth  and eylindrieal  i  in  the  insideof  each  ofwhieh 
is  a  piitoiii  made  Wttltr  and  air-tight,  as  in  figs.  4.  and  5.  CC 
it  m  lube  conveyed  under  ground,  or  otherwise,  irom  die 
bolMnjrfoDe  eylinder  to  the  other,  to  form  a  commnnica* 
tion  between  them,  notwithstanding  their  distance  be  ever 
so  great  i  this  tobe  being  filled  with  water,  or  other  floid, 
until  it  tonch  the  bottom  of  each  piston ;  then^  by  depress- 
ing the  pistim  A,  the  piston  B  will  be  raised.  The  same  ef-^ 
Sect  win  be  produced  vice  versa :  thus  bells  may  be  rung^ 
wheels  turned,  or  other  machinery  put  invisibly  in  motion, 
by  a  power  being  applied  to  either. 

**  Fig.  7*  ifi  a' section^  shewing  another  instance  of  com- 
municating the  action  and  force  of  one  machine  to  another ; 
and  how  water  may  be  raised  out  of  wells  of  any  depth,  and 
at  any  distance  from  the  place  where  the  operating  power 
is  applied.  A  is  a  cylinder  of  any  required  dimensions,  in 
which  is  the  working*piston  B,  as  in  the  foregoing  ex- 
amples; into  the  bottom  of  this  cylinder  is  inserted  the 
tube  C,  which  may  be  of  less  bore  than  the  cylinder  A. 
This  tube  is  continued,  in  any  required  direction,  down  to 
the  pump  cylinder  D,  supposed  to  be  fixed  in  the  deep  well 
EE,  and  forms  a  junction  therewith  above  the  piston  F; 
which  piston  has  a  rod  G,  working  through  the  stuffing* 
box,  OS  is  iisual  in  a  common  pump.    To  this  rod  G  is  con- 
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nectedy  over  a  pulley  or  otberwiae,  a  weight  H  suflScieUt  to 
OTtfbalance  the  weight  of  the  water  in  the  tube  Cy  and  to 
rake  the  piston  F  when  the  piston  B  is  lifted:  thus,  sup- 
pose the  piston^  Bis  drawn  up  by  its  rod,  there  will  be  a  va- 
eunm  made  in  the  pomp  qrUnder  D^  bebw  the  pistcm  F; 
this  vacuum  will  be  filled  with  water  through  the  suction- 
pipe^  by  the  pressure  of  the  atmosphere^  as  in  all  pumps  £b&* 
cd  in  ain  The  return  of  the  piston  B^  by  being  pressed 
downwards  in  the  cylinder  A,  will  make  a  stroke  of  the  pis- 
ton in  the  pump  cylinder  D,  which  may  be  repeated  in  the 
usual  way  by  the  motion  of  the  piston  B,  and  the  action  of 
the  water  in  the  tobe  C.  The  rod  G  of  the  piston  F,  and 
the  weight  H|  are  not  necessary  in  wdls  of  a  depth  where 
the  atmosphere  will  overbalance  the  water  in  the  suction  of 
the  pump  cylinder  D,  and  that  in  the  tube  C.  The  small 
tube  and  cock  in  the  cistern  I,  are  for  the  purpose  i^f  char« 
ging  the  tube  C."* 


#  A  foil  account  of  BfBmah*s  bjdrostatic  crane,  with  correct  drawings,  ta- 
lon from  Mr  BramaVs  own  machine,  will  be  foand  in  the  Edtubargh  Kncj- 
cJoptBdia,  Article  Crane.— £r>. 
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Of  all  the  reastanccs  of  bodies  to  each  other,  there  is  un- 
doubtedly none  of  greater  importance  than  the  resistance  or 
re-action  of  fluids.  It  is  here  that  we  must  look  for  a  theory 
of  naval  architecture,  for  the  impulse  of  the  air  is  our  mov- 
ing power,  and  this  must  be  modified  so  as  to  produce 
every  motion  we  want  by  the  form  and  disposition  of  our 
sails ;  and  it  is  the  resistance  of  the  water  which  must  be 
overcome,  that  the  ship  may  proceed  in  her  course ;  and 
this  must  also  be  modified  to  our  purpose,  that  the  ship 
may  .not  drive  like  a  log  to  leeward,  but,  on  the  contrary, 
may  ply  to  windward,  that  she  may  answer  her  helm  brbkly, 
and  that  she  may  be  easy  in  all  her  motions  on  the  surface 
of  the  troubled  ocean.  The  impulse  of  wind  and  water 
makes  them  ready  and  indefatigable  servants  in  a  thousand 
shapes  for  driving  our  machines ;  and  we  should  lose  much 
of  their  service  did  we  remain  ignorant  of  the  laws  of  their 
action :  they  would  sometimes  become  terrible  masters,  if 
we  did  not  fall  upon  methods  of  eluding  or  softening  their 
attacks. 

We  cannot  refuse  the  ancients  a  considerable  knowledge 
of  this  subject.  It  was  equally  interesting  to  them  as  to  us; 
and  we  cannot  read  the  accounts  of  the  naval  exertions  of 
Phoenicia,  Carthage,  and  of  Rome,  exertions  which  have 
not  been  surpassed  by  any  thing  of  modern  date,  without 
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belie?iiig  that  they  poMesaed  mudi  practical  and  experi- 
mental knowledge  of  this  miligeet.  It  waa  not,  perhaps, 
poMOBScd  by  them  in  a  strict  and  systematic  form,  as  it  is 
DOW  taught  by  our  mathematicians;  but  the  master-builders, 
in  their  dock-yaids,  did  undoubtedly  exerdse  thdr  genius 
in  comparing  the  finrms  of  their  finest  ships,  and  in  marking 
those  circumstances  of  form  and  dimension  which  were  in 
fact  accompanied  with  the  desirable  properties  of  a  ship, 
and  thus  framing  to  themselves  maxims  of  naval  architec- 
ture in  the  same  manner  as  we  do  now.  For  we  believe 
that  our  naval  architects  are  not  disposed  to  grant  tluit  they 
have  profited  much  by  all  the  labours  of  the  mathematidans. 
But  the  ancients  had  not  made  any  great  progress  in  the 
phymomathematical  sciences,  which  conrist  chiefly  vti  the 
^^lication  of  calculus  to  the  phenomena  of  nature.  In 
this  branch  they  could  make  none,  because  they  had  not 
the  means  of  investigation.  A  knowledge  of  the  moticms 
and  actions  ci  fluids  is  accessible  only  to  those  who  are 
fiamiliarly  acquainted  with  the  fluxionary  mathematics; 
and  without  this  key  there  is  no  admittance.  Even  when 
possessed  of  this  guide,  our  progress  has  been  very  slow, 
hesitating,  and  devious ;  and  we  have  not  yet  been  able  to 
establish  any  set  of  doctrines  which  are  susceptible  of  an 
easy  and  confident  application  to  the  arts  of  life.  If  we 
have  advanced  farther  than  the  ancients,  it  is  because  we  ' 
have  come  after  them,  and  have  profited  by  their  labours, 
and  even  by  thdr  mistakes. 

Sir  Isaac  Newton  was  the  first  (as  far  as  we  can  recollect) 
who  attempted  to  make  the  motions  and  actions  of  fluids 
the  subject  of  mathematical  discussion.  He  had  invented 
the  method  of  fluxions  long  before  he  engaged  in  his  phy- 
sical researches ;  and  he  proceeded  in  these  suA  maiheH 
Jacem  jprctfbrenU.  Yet  even  with  this  guide  he  was  often 
obliged  to  grope  his  way,  and  to  try  various  bye-paths,  in 
the  hopes  of  obtaining  a  Intimate  theory.  Having  exerted 
all  his  powers  in  establishing  a  theory  of  the  lunar  motions, 
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he  was  obliged  to  rest  contented  with  an  approximation  in- 
stead of  a  perfect  solution  of  the  problem  which  ascertains 
the  motions  of  three  bodies  mutually  acting  on  each  other. 
This  convinced  him  that  it  was  in  vain  to  expect  an  accu- 
rate investigation  of  the  motions  and  actions  of  fluids,  where 
millions  of  unseen  particles  combine  th^  influence.  He 
therefore  cast  about  to  find  some  particular  case  of  the  pro- 
blem which  would  admit  of  an  accurate  determination,  and 
at  the  same  time  furnish  circumstances  of  analogy  or  re- 
semblance sufiiciendy  numerous  for  giving  limiting  cases, 
which  should  include  between  them  those  other  cases  that 
did  not  achnit  of  this  acciu^te  investigation.  And  thus, 
by  knowing  the  limit  to  which  the  case  proposed  did  ap- 
proximate, and  the  circumstance  which  regulated  the  ap- 
proximation, many  useful  propositions  might  be  deduced 
for  directing  us  in  the  application  of  these  doctrines  to  the 
arts  of  life. 

He  therefore  figured  to  himself  a  hypothetical  collection 
of  matter  which  possessed  the  characteristic  property  of 
fluidity,  viz.  the  qu&qudverms  propagation  of  pressure, 
and  the  most  perfect  intermoUlity  (pardon  the  uncouth 
term)  of  parts,  and  which  formed  a  physical  whole  or  ag- 
gregate,  whose  parts  were  connected  by  mechanical  forces, 
determined  both  in  degree  and  in  direction,  and  such  as 
rendered  the  determination  of  certain  important  circum- 
stances of  their  motion  susceptible  of  precise  investigation. 
And  he  concluded,  that  the  laws  which  he  should  discover 
in  these  motions  must  have  a  great  analogy  with  the  laws 
of  the  motions  of  real  fluids :  And  from  this  hypothesis  he 
deduced  a  series  of  propositions,  which  form  the  basis  of  ; 
almost  all  the  theories  of  the  impulse  and  resistance  of  fliiids  ' 
which  have  been  offered  to  the  public  since  his  time. 

It  must  be  acknowledged,  that  the  results  of  this  theory 
agree  but  ill  with  experiment,  and  that,  in  the  x»ay  in  which 
it  has  been  zeaJousbf  prosecuted  by  subsequent  mathemati* 
cianSy  it  proceeds  on  principles  or  assumptions  which  are 
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not  only  gratuitous,  but  even  false.    But  it  affords  such  a 
beautiful  application  of  geometry  and  calculus,  that  mathe- 
maticians have  been  as  it  were  fasdnated  by  it,  and  have 
published  systems  so  elegant  and  so  extensively  applicable, 
that  one  cannot  help  lamenting  that  the  foundation  is  so 
flimsy.    John  BemouUi'^s  theory,  in  his  dissertation  on  die 
communication  of  motion,  and  BougueFs,  in  his  TrcAU  du 
Navtre^  and  in  his  Tfitorie  du  Manceuvre  et  dela  Mature 
des  Vaisseauxj  must  ever  be  conadered  as  among  the  finest 
specimens  of  phynoomathematical  sdence  which  the  world 
has  seen.    And,  with  all  its  imperfections,  this  theory  still 
fumii^es  (as  was  expected  by  its  illustrious  author)  many 
proportions  of  immense  practical  use,  they  bang  the  limits 
to  which  the  real  phenomena  of  the  impulse  and  resistance 
of  fluids  really  approximate.     So  that  when  the  law  by 
which  the  phenomena  deviate  from  the  theory  is  once  de- 
termined by  a  well-chosen  series  of  experiments,  this  hypo- 
thetical theory  becomes  almost  as  valuable  as  a  true  one. 
And  we  may  add,  that  although  Mr  d^Alembert,  by  tread- 
ing warily  in  the  steps  of  Sir  Isaac  Newton  in  another  route, 
has  discovered  a  genuine  and  unexceptionable  tlieory,  the 
process  of  investigation  is  so  intricate,  requiring  every  finesse 
€d  the  most  abstruse  analysis,  and  the  final  equations  are  so 
complicated,  that  even  their  most  expert  author  has  not 
been  able  to  deduce  more  than  one  simple  proposition 
(which  too  was  discovered  by  Daniel  Bernoulli  by  a  more 
nmple  process)  which  can  be  applied  to  any  use.     The 
hypothetical  theory  of  Newton,  therefore,  continues  to  be 
the  ground-work  of  all  our  practical  knowledge  of  the  sub- 
ject 

We  shall  therefore  lay  before  our  readers  a  very  short 
i^ew  of  the  theory,  and  the  manner  of  applying  it.  We 
shall  then  show  its  defects  (all  of  which  were  })ointed  out 
hj  its  great  author),  and  give  a  historical  account  of  the 
vmnj  attempts  which  have  been  made  to  amend  it  or  to 
•nbstitute  another :   in  all  winch  wc  think  it  our  duty  to 
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show,  that  Sir  Isaac  Newton  took  the  lead,  and  pointed  out 
every  path  which  others  have  taken,  if  we  except  Daniel 
Bernoulli  and  d^Alembert ;  and  we  shall  give  an  account  of 
the  chief  sets  of  experiments  which  have  been  made  on  this 
important  subject,  in  the  hopes  of  establishing  an  empirical 
theory,  which  may  be  employed  with  confidence  in  the  arts 
of  life. 

We  know  by  experience  that  force  must  be  applied  to  a 
body  in  order  that  it  may  move  through  a  fluid,  such  as 
air  or  water ;  and  that  a  body  projected  with  any  velocity 
is  gradually  retarded  in  its  motion,  and  generally  brought 
to  rest.  The  analogy  of  nature  makes  us  imagine  that 
there  is  a  force  acting  in  the  opposite  direction,  or  opposing 
the  motion,  and  that  this  force  resides  in,  or  is  exerted  by, 
the  fluid.  Anc[  the  phenomena  resemble  those  which  ac- 
company the  known  resistance  of  active  beings,  such  as  ani* 
mals.  Therefore  we  give  to  this  supposed  force  the  meta- 
phorical name  of  Resistance.  We  also  know  that  a  fluid 
in  motion  will  hurry  a  solid  body  along  with  the  stream, 
and  that  it  requires  force  to  maintidn  it  in  its  place.  A 
nmilar  analogy  makes  us  suppose  that  the  fluid  exerts  force, 
in  the  same  manner  as  when  an  active  being  impels  the  body 
before  him  ;  therefore  we  call  this  the  Impulsion  of  a  Fluid. 
And  as  our  knowledge  of  nature  informs  us  that  the  mutual 
actions  of  bodies  are  in  every  case  equal  and  opposite,  and 
that  the  observed  change  of  motion  is  the  only  indication, 
characteristic,  and  measure,  of  the  changing  force,  the 
forces  are  the  same  (whether  we  call  them  impulsions  or  re- 
sistances) when  the  relative  motions  are  the  same,  and  there- 
fore depend  entirely  on  these  relative  motions.  The  force, 
therefore,  which  is  necessary  for  keeping  a  body  immove- 
able in  a  streaifi  of  water,  flowing  with  a  certain  velocity,  is 
the  same  with  what  is  required  for  moving  this  body  with 
this  velocity  through  stagnant  water.  To  any  one  who  ad- 
mits the  motion  of  the  earth  round  the  sun,  it  is  evident  that 
we  can  neither  observe  nor  reason  from  a  case  of  a  body 
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moving  through  still  water,  nor  of  a  stream  of  water  press- 
ing upon  or  impelling  a  quiescent  body. 

A  body  in  motion  appears  to  be  resisted  by  a  stagnant 
fluid,  because  it  is  a  law  of  mechanical  nature  that  force 
must  be  employed  in  order  to  put  any  body  in  motion. 
Now  the  body  cannot  move  forward  without  putting  the 
contiguous  fluid  in  motion,  and  force  must  be  employed  for 
producing  this  motion.  In  like  manner,  a  quiescent  body 
is  impelled  by  a  stream  of  fluid,  because  the  motion  of  the 
contiguous  fluid  is  diminished  by  this  solid  obstacle ;  the 
resistance,  therefore,  or  impulse,  no  way  difiers  from  the 
ordinary  communications  of  motion  among  solid  bodies. 

Sir  Isaac  Newton,  therefore,  begins  his  theory  of  the  re- 
sistance and  impulse  of  fluids,  by  selecting  a  case  where, 
although  he  cannot  pretend  to  ascertain  the  motions  them- 
selves which  are  produced  in  the  particles  of  a  contiguous 
fluid,  he  can  tell  precisely  their  mutual  ratios. 

He  supposes  two  systems  of  bodies  such,  that  each  body 
of  the  first  is  similar  to  a  corresponding  body  of  the  second, 
and  that  each  is  to  each  in  a  constant  ratio.  He  also  sup- 
poses them  to  be  similarly'  situated,  that  is,  at  tlie  angles 
of  similar  figures,  and  that  the  homologous  lines  of  these 
figures  are  in  the  same  ratio  with  the  diameters  of  the  bodies. 
He  farther  supposes,  that  they  attract  or  repel  each  other 
in  similar  directions,  and .  that  the  accelcraUng  connecting 
forces  are  also  proportional ;  that  is,  the  forces  in  the  one 
system  are  to  the  corresponding  forces  in  the  other  system 
in  a  constant  ratio,  and  that,  in  each  system  taken  apart, 
the  forces  are  as  the  squares  of  the  velocities  directly,  and 
as  the  diameters  of  the  corresponding  bodies,  or  their  dis- 
tances, inversely. 

This  being  the  case,  it  legitimately  follows,  that  if  simi- 
lar parts  of  the  two  systems  are  put  into  similar  motions,  in 
any  given  instant,  they  will  contimte  to  move  similarly,  each 
correspondent  body  describing  similar  curves,  with  propor- 
tional velocities :     For  the  bodies  being  similarly  situated, 
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the  forces  which  act  on  a  body  in  one  system,  aii^g  firom 
the  combination  of  any  number  of  adjoining  particles,  will 
have  the  same  direction  with  the  force  acting  on  the  oorre- 
qx)nding  body  in  the  other  system,  arising  firom  the  com^ 
bine4  action  of  the  similar  and  »milarly  directed  forces  of 
the  adjoining  corresponding  bodies  of  the  other  system ; 
and  these  compound  forces  will  have  the  same  ratio  with  the 
simple  forces  which  constitute  them,  and  will  be  as  the  / 
squares  of  the  velocities  directiy,  and  as  the  distances,  or  i 
any  homologous  lines  inversely ;  and  therefore  the  chords 
of  curvature,  having  the  direction  of  the  centripetal  or  cen- 
trifugal forces,  and  similarly  inclined  to  the  tangents  of  the 
curves  described  by  the  corresponding  bodies,  will  have  the 
same  ratio  with  the  distances  of  the  particles.  The  curves 
described  by  the  oorresponcUng  bodies  will  therefore  be  si- 
milar, the  velocities  will  be  proportional,  and  the  bodies  will 
be  similarly  atuated  at  the  end  of  the  first  moment,  and 
exposed  to  the  action  of  similar  and  similarly  situated  cen- 
tripetal or  centrifugal  forces ;  and  tiiis  will  again  produce 
similar  motions  during  the  next  moment,  and  so  on  for  ever. 
All  this  is  evident  to  any  person  acquainted  with  the  ele- 
mentary doctrines  of  curvilineal  motions,  as  delivered  in  the 
theory  of  physical  astronomy. 

From  this  fundamental  proposition,  it  clearly  follows, 
that  if  two  similar  bodies,  having  their  homologous  lines 
proportional  to  those  of  the  two  systems,  be  similarly  pro- 
jected among  the  bodies  of  those  two  systems  with  any  ve- 
locities, they  will  produce  similar  motions  in  the  two  systems, 
and  will  themselves  continue  to  move  similarly ;  and  there- 
fore will,  in  every  subsequent  moment,  sufier  similar  dimi- 
nutions or  retardations.  If  the  initial  velodties  of  prelec- 
tion be  the  same,  but  the  densities  of  the  two  systems,  that 
is,  the  quantities  of  matter  contained  in  an  equal  bulk  or 
extent,  be  different,  it  is  evident  that  the  quantities  of  mo- 
tion produced  in  the  two  systems  in  the  same  time  will  be 
proportional  to  the  densities ;  and  if  the  dcnaties  are  the 
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same,  and  uniform  in  each  system,  the  quantities  of  motion 
produced  will  be  as  the  squares  of  the  velodties,  because 
the  motion  communicated  to  each  corresponding  body  will 
be  proportional  to  the  velocity  communicated,  that  is, 
to  the  velocity  of  the  impelling  body ;  and  the  number 
of  similarly  situated  particles  which  will  be  a^tated 
will  also  be  proportional  to  this  velodty.  Therefore, 
the  whole  quantities  of  motion  produced  in  the  same  mo- 
ment of  time  will  be  proportional  to  the  squares  of  the  ve- 
locities. And,  lastly,  if  the  density  of  the  two  systems  are 
uniform,  or  the  same  through  the  whole  extent  of  the  sys- 
tems, the  number  of  particles  impelled  by  nmilar  bodies 
will  be  as  the  surfaces  of  these  bodies. 

Now  the  diminutions  of  the  motions  of  the  projected 
bodies  are  (by  Newton'^s  third  law  of  motion)  equal  to  the 
motions  produced  in  the  systems;  and  these  diminutions 
are  the  measures  of  what  are  called  the  resistances  opposed 
to  the  motions  of  the  projected  bodies.  Therefore,  combin- 
ing all  these  circumstances,  die  resistances  are  proportional 
to  the  similar  surfaces  of  the  moving  bodies,  to  the  den^ties 
of  the  system^  through  which  the  motions  are  performed, 
and  to  the  squares  of  the  velocities,  jointly. 

We  cannot  form  to  ourselves  any  distinct  notion  of  a 
fluid,  otherwise  than  as  a  system  of  small  bodies,  or  a  col- 
lection of  particles,  similarly  or  symmetrically  arranged,  the 
centres  of  each  being  situated  in  the  angles  of  regular 
solids.  We  must  form  this  notion  of  it,  whetlier  we  sup- 
pose, with  the  vulgar,  that  the  particles  are  little  globules 
io  mutual  contact,  or,  with  the  partisans  of  corpuscular  at- 
tractions and  repulsions,  w^e  suppose  the  particles  kept  at  a 
distance  from  each  other  by  means  of  these  attractions  and 
repulsions  mutually  balancing  each  other.  In  this  last  case, 
no  other  arrangement  is  consistent  with  a  quiescent  equili- 
brium ;  and  in  this  case,  it  is  evident,  from  the  theory  of 
ilineal  motions,  that  the  agitations  of  the  particles  will 
y9  be  such,  that  the  connecting  forces,  in  actual  exer- 
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tioo,  will  be  proportional  to  the  squares  of  the  velocities 
directly,  and  to  the  chords  of  the  curvature  having  the  di- 
rection of  the  forces  inversely. 

Prop.  I.  The  resistances,  and  (by  the  third  law  of  mo- 
tion), the  impulsions  of  fluids  on  similar  bodies,  are  pro- 
portional to  the  surfaces  of  the  solid  bodies,  to  the  den>« 
sities  of  the  fluids,  and  to  the  squares  of  the  velocities, 
jointly. 

We  must  DOW  observe,  that  when  we  suppose  the  par. 
tides  of  the  fluid  to  be  in  mutual  contact,  we  may  either 
suppose  them  dastic  or  unelasttc.  The  motion  communi- 
cated to  the  collection  of  elastic  particles  must  be  double  of 
what  the  same  body,  moving  in  the  same  manner,  would 
conununicate  to  the  partides  of  an  elastic  fluid..  The  im- 
pulse and  resistance  of  elastic  fluids  must  therefore  be  double 
of  those  of  unelastic  fluids.— -But  wc  must  caution  our  readers 
not  to  judge  of  the  elasticity  of  fluids  by  their  senable  com- 
pressibility. A  diamond  is  incomparably  more  elastic  than 
the  finest  foot-ball,  though  not  compressible  in  any  sen^ 
sible  degree.-— It  remains  to  be  decided,  by  well-chosen  ex- 
periments, whether  water  be  not  as  dastic  as  air.  If  we 
suppose,  with  Boscovich,  the  particles  of  perfect  fluids  to  be 
at  a  distance  from  each  other,  we  shall  find  it  difficult  to 
Goncdve  a  fluid  void  of  dasticity.  We  hope  that  the  theory 
of  tbdr  impulse  and  re^tance  will  suggest  experiments 
wluch  will  decide  this  question,  by  pcnnting  out  what  ought 
to  be  the  absolute  impulse  or  resistance  in  either  case.  And 
thus  the  fundamental  proposition  of  the  impulse  and  resist- 
ance of  fluids,  taken  in  its  proper  meaning,  is  susceptible  of 
a  rigid  demonstration,  rdative  to  the  only  distinct  notion 
that  we  can  form  of  the  internal  constitution  of  a  fluid.  We 
say,  taken  in  Us  proper  meaning;  namely,  that  the  impulse 
or  resistance  of  fluids  is  a  pressure,  opposed  and  measured 
by  another  pressure,  such  as  a  pound  weight,  the  force  of 
a  8|Mring,  the  pressure  of  the  atmosphere,  and  the  like.  And 
we  apprehend  tliat  it  would  be  very  difficult  to  find  any 
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kgitimate  demoDstration  of  this  leading  proposition  different 
from  this,  which  we  have  now  borrowed  from  Sir  Isaac 
Newton,  Prop.  23.  B.  II.  Prindp.  We  acknowledge  that 
it  is  prolix  and  even  circuitous :  but  in  all  the  attempts 
made  by  his  commentators  and  their  copyists  to  simplify  it, 
we  see  great  defects  of  logical  argument,  or  assumption  of 
piindples,  which  are  not  only  gratuitous,  but  inadmissible. 
We  shall  have  occasion,  as  we  proceed,  to  point  out  some 
of  these  defects ;  and  doubt  not  but  the  illustrious  author 
of  this  demonstration  had  exercised  his  uncommon  patience 
and  sagacity  in  amilar  attempts,  and  was  dissatisfied  with 
them  all. 

Before  we  proceed  farther,  it  will  be  proper  to  make  a 
general  remark,  which  wiU  save  a  great  deal  of  discussion. 
Since  it  is  a  matter  of  universal  experience,  that  every  ac- 
tion of  a  body  on  others  is  accompanied  by  an  equal  and 
contrary  re-action ;  and  since  all  that  we  can  demonstrate 
concerning  the  resistance  of  bodies,  during  their  motions 
through  fluids,  proceeds  on  this  supposition  (the  resistance 
of  the  body  being  assumed  as  equal  and  opposite  to  the 
sum  of  motions  communicated  to  the  particles  of  the  fluid, 
estimated  m  the  direction  of  the  bodies^  motion),  we  are 
entitled  to  proceed  in  the  contrary  order,  and  to  consider 
the  impulsions  which  each  of  the  particles  of  fluid  exerts 
on  the  body  at  rest,  as  equal  and  opposite  to  the  motion 
which  the  body  would  communicate  to  that  particle  if  the 
fluid  were  at  rest,  and  the  body  were  moving  equally  swift 
in  the  opposite  direction ;  and  therefore  the  whole  iny)ul- 
sion  of  the  fluid  must  be  conceived  as  the  measure  of  the 
whole  motion  which  the  body  would  thus  communicate  to 
the  fluid.  It  must  therefore  be  also  considered  as  the  mea- 
sure of  the  resistance  which  the  body,  moving  with  the 
same  velocity,  would  sustain  from  the  fluid.  When,  there- 
fore, we  shall  demonstrate  any  thing  concerning  the  im- 
pulsion of  a  fluid,  estimated  in  the  direction  of  its  motion, 
we  must  consider  it  as  demonstrated  concerning  the  resist- 
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ance  of  a  quiescent  fluid  to  the  motion  of  that  body,  hav- 
ing the  same  velocity  in  the  opposite  direction.  The  de- 
termination of  these  impulsions  being  much  easier  than  the 
determination  of  the  motions  communicated  by  the  body 
to  the  particles  of  the  fluid,  this  method  will  be  followed  in 
most  of  the  subsequent  discussions. 

The  general  proposition  already  delivered  is  by  means 
sufficient  for  explaining  the  various  important  phenomena 
observed  in  the  mutual  actions  of  solids  and  fluids..  In 
particular,  it  gives  us  no  assistance  in  ascertaining  the  mo- 
difications of  this  resistance  or  impulse,  which  depend  on 
the  shape  of  the  body,  and  the  inclination  of  its  impelled 
or  rensted  surface  to  the  direction  of  the  motion.  Sir  Isaac 
Newton  found  another  hypothesis  necessary ;  namely,  that 
the  fluid  should  be  so  extremely  rare,  that  the  distance  of 
the  particles  may  be  incomparably  greater  than  their  dia^ 
meters.  This  additional  condition  is  necessary  for  consider- 
ing their  actions  as  so  many  separate  collisions  or  impul- 
Hons  on  a  solid  body.  Each  particle  must  be  supposed  to 
have  abundant  room  to  rebound,  or  otherwise  escape,  after 
having  made  its  stroke,  without  sensibly  aflecting  the  situ- 
ations and  motions  of  the  particles  which  have  not  yet 
made  their  stroke ;  and  the  motion  must  be  so  swift  as  not 
to  give  time  for  the  sensible  exertion  of  their  mutual  forces 
of  attractions  and  repulsions. 

Keeping  these  conditions  in  mind,  we  may  proceed  to 
determine  the  impulsions  made  by  a  fluid  on  surfaces  of 
every  kind ;  and  the  most  convenient  metliod  to  pursue  in 
this  determination,  is  to  compare  them  all  either  with  the 
impulse  which  the  same  surface  would  receive  from  the 
fluid  imjnnging  on  it  perpendicularly,  or  witli  the  impulse 
which  the  same  stream  qfjluid  would  make  when  coming 
perpendicularly  on  a  surface  of  such  extent  as  to  occupy 
the  whole  stream. 

It  will  greatly  abbreviate  language,  if  wc  make  use  of  a 
few  terms  in  an  appropriated  sense. 
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By  a  stream,  vie  shall  oican  a  i]iiantity  of  fluid  moving 
in  one  direction,  that  is,  each  particle  moving  in  parallel 
lines ;  and  the  breadth  of  tlie  stream  is  a  line  perpendicular 
to  all  these  parallels. 

A  filament  means  a  portion  of  this  stream  of  very  small 
breadth,  and  it  consists  of  an  indefinite  number  of  particles 
following  one  another  in  tlie  same  direction,  and  successive- 
ly impinging  on,  or  glithng  along,  the  surface  of  the  solid 
body. 

The  bate  of  any  surface  exposed  to  a  stream  of  fluid,  is 
that  portion  of  a  plane  perpendicalar  to  the  stream,  which 
is  covered  or  protected  from  the  action  of  the  stream  by  the 
surface  exposed  to  its  impulse.  Thus  the  base  of  a  sphere 
exposed  to  a  stream  of  fluid  is  its  great  circle,  whose  plane 
is  perpendicuhir  to  tJie  stream.  If  BC  (Fig.  1.)  be  a  plane 
surface  exposed  to  the  action  of  a  stream  of  fluid,  moving 
in  the  direction  DC,  then  BB,  or  S£,  perpendicular  to 
DC,  is  its  base. 

Direct  impulse  shall  express  the  energy  or  action  of  tlu 
particle  or  filament,  nr  stream  of  fluid,  when  meeting  the 
BOifiwe  perpendicularly,  or  when  the  surGlce  is  perpendicit- 
lar  to  the  direction  of  the  stream. 

Abad/uie  impulse  means  the  actual  pressure  on  the  im- 
pelled surface,  ariang  from  the  action  of  the  fluid,  whether 
striking  the  surface  perpendicularly  or  obliquely;  or  it  is 
the  force  impressed  on  the  surface,  or  tendency  to  motion 
which  it  acquires,  and  which  must  be  opposed  by  an  equal 
fiirce  in  the  opposite  direction,  in  order  that  the  surface 
may  be  maintained  in  its  place.  It  is  of  importance  to 
keep  in  mind,  that  this  pressure  is  always  perpendicular  to 
the  surface.  It  is  a  proposition  founded  on  universal  and 
uncontradicted  experience,  that  the  mutual  actions  of  bo. 
dies  on  each  other  are  always  exerted  in  a  direction  perpen- 
dicular to  the  touching  surfaces.  Thus,  it  is  observed, 
that  when  a  billiard-ball  A  is  struck  by  another  B,  moving 
in  any  direction  whatever,  the  ball  A  always  moves  off  in 
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the  direction  perpen<£ciilar  to  the  plane  which  touches  the 
two  balls  in  the  point  of  mutual  contact,  or  point  of  inii- 
puke.  Tins  inductive  proposition  is  suppocted  by  every 
argument  which  can  be  drawn  from  what  we  know  con- 
cerning the  forces  which  connect  the  particles  of  matter  to- 
gether, and  are  the  immediate  causes  of  the  communication 
of  motion.  It  would  employ  much  time  and  room  to  state 
them  here ;  and  we  apprehend  that  it  is  unnecessary :  for 
no  reason  can  be  assigned  why  the  pressure  should  be  in 
anjf  particular  obUque  direction.  If  any  one  should  say 
that  the  impulse  will  be  in  the  direction  of  the  stream,  we 
have  only  to  desire  him  to  take  notice  of  the  effect  of  the 
rudder  of  a  ship.  This  shows  that  the  impulse  t^  not  in 
the  direction  of  the  stream^  and  is  therefore  in  some  direc- 
tion transverse  to  the  stream. — He  will  also  find,  that  when 
a  plane  surface  is  impelled  obliquely  by  a  fluid,  there  is  no 
direction  in  which  it  can  be  supported  but  the  direction 
perpendicular  to  itself.  It  is  quite  safe,  in  the  mean  time, 
to  take  it  as  an  experimental  truth.  We  may,  perhaps,  in 
some  other  part  of  this  work,  give  what  will  be  received  as 
a  rigorous  demonstration. 

Relative  or  effective  impulse  means  the  pressure  on  the 
surface  estimated  in  some  particular  direction.  Thus,  BC 
(Plate  IX.  Fig.  1.)  may  represent,  the  sail  of  a  ship,  impelled 
by  the  wind  blowing  in  the  direction  DC.  60  may  be  the 
direction  of  the  ship'^s  keel,  or  the  line  of  her  course.  The 
wind  strikes  the  sail  in  the  direction  6H  parallel  to  DC ; 
the  s^l  is  urged  or  pressed  in  the  direction  61,  perpcndi- 
cular  to  BC.  But  wc  are  interested  to  know  what  tendcn- 
cy  this  will  give  the  ship  to  move  in  the  direction  60. 
This  is  the  effective  or  relative  impulse.  Or  BC  may  be 
the  transverse  section  of  the  sail  of  a  common  wind-mill. 
This,  by  the  construction  of  the  machine,  can  move  only 
in  the  direction  6P,  perpendicular  to  the  direction  of  the 
.  wind ;  and  it  is  only  in  this  direction  that  the  impulse  pro. 
duces  the  de^red  effect.    Or  BC  may  be  half  of  the  prow 
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of  a  [ttint  or  lighier,  riding  ai  anclior  I>y  means  of  the  cable 
DC,  attached  lo  the  prow  C.  In  this  case,  GQ,  pai'allel 
to  DC,  is  tliat  part  of  the  absolute  impulse  which  is  cui- 
ployed  in  straining  the  cable. 

The  angk  of  im^dcnce  is  the  angle  FGC  couuuned  be- 
tween the  direction  of  the  stream  FG  and  the  plane  BC. 

The  ongfo  of  obliquMy  is  llie  angle  OGC  contained  be- 
tween tlie  plane  and  the  direction  GO,  in  which  we  wisli 
to  estimate  the  impulse. 

Prop.  1 1.  The  direct  impulse  of  a  fluid  on  a  plane  sur- 
face, is  to  its  absolute  oblique  impulse  on  the  same  surface, 
as  the  square  of  the  radius  to  the  square  of  the  sine  of  the 
angle  of  incidence. 

Let  a  stream  of  fluid,  moving  in  the  direction  DC, 
(Fig.  1.)  act  on  the  plane  HC.  With  the  radius  CB  describe 
the  qu.-idrant  AHE ;  draw  CA  pi'rix'ndicular  to  CE,  and 
draw  MNBS  parallel  lo  CE.  Let  tlic  jiarticle  F,  moving 
in  the  direction  FG,  meet  the  plane  in  G,  and  in  FG  pro- 
duced take  Gil  to  represent  the  magnitude  of  the  direct 
impulse,  or  the  impulse  which  the  particle  would  exert  on 
the  plane  AC,  by  meeting  it  in  V.  Draw  GI  and  HK 
perpendicular  to  BC,  and  HI  perpendicular  to  GI.  Also 
draw  BR  perpendicular  to  DC. 

The  force  GH  ia  equivalent  to  the  two  forces  GI  and 
GK ;  and  GK,  being  in  the  direction  of  the  plane,  has  no 
dure  in  the  impulse.  The  absolute  impulse,  thovfore,  is 
represented  by  GI ;  the  angle  GHI  is  equal  to  FGC,  the 
■Dgle  of  incidence ;  and  tberefore  GH  is  to  GI  as  radius 
to  the  sine  of  the  angle  of  incidence  :  Therefore  the  direct 
impulse  of  each  particle  or  filament  is  to  its  absolute  obhquc 
impulse  as  radius  to  the  ^e  of  the  angle  of  incidence. 
But  further,  the  number  of  particles  or  filaments  which 
strike  the  suriace  AC,  is  to  the  number  of  those  which 
strike  the  surface  BC  as  AC  to  NC ;  for  all  the  filamenU 
between  LA  and  MB  go  past  the  oblique  surface  BC  with- 
out striking  it.     But  BC  :  NC  =  rod. :  sin.  NBC,  =  ntd.  : 


EE8ISTANCE  OF  FLUIDS.  276 

sin.  FGC,  3=  rad. :  an.  incidence.  Now  the  whole  .im- 
pulse is  as  the  impulse  of  each  filament,  and  as  the  num- 
ber of  filaments  exerting  equal  impulses  jointly ;  therefore 
the  whole  direct  impulse  on  AC  is  to  the  whole  absolute 
impulse  on  BC,  as  the  square  of  radius  to  the  square  of 
the  sine  of  the  angle  of  incidence. 

Lfet  S  express  the  extent  of  the  surface,  i  the  angle  of 
incidence,  o  the  angle  of  obliquity,  v  the  velocity  of  the 
fluid,  and  d  its  dendlVy.  Let  F  represent  the  direct  im- 
pulse, y*the  absolute  oblique  impulse,  and  9  the  relative  or 
efiective  impulse ;  and  let  the  tabular  sines  and  cosines  be 
considered  as  decimal  fractions  of  the  radius  unity. 

This  propoation  gives  us  F  :  f=  R'  :  sin.*  i,  =  1 :  sin.* 
f,  and  therefore  /=  F  x  sin.*  i.  Also,  because  impulses 
are  in  the  proportion  of  the  extent  of  surface  similarly  im- 
peUed,  we  have,  in  general,  /=  FS  X  sin.*,  i. 

The  first  who  published  this  theorem  was  Pardies,  in  his 
Oeuvres  de  McUTumatique^  in  1673.  We  know  that  New- 
ton had  investigated  the  chief  propositions  of  the  Principia 
before  1670. 

Prop.  III.  The'direct  impulse  on  any  surface  is  to  the 
e£Pective  oblique  impulse  on  the  same  surface,  as  the  cube 
of  radius  to  the  solid,  which  has  for  its  base  the  square  of 
the  sine  of  indklence,  and  the  sine  of  obliquity  for  its 
height 

For  when  GH  represents  the  direct  impulse  of  a  par- 
ticle, 61  is  the  absolute  oblique  impulse,  and  60  is  the 
efiective  impulse  in  the  direction  60 :  Now  61  is  to  60 
as  radius  to  the  nne  of  610,  and  610  is  the  complement 
of  160,  and  is  therefore  equal  to  C60,  the  angle  of  oUi- 
quity. 

Therefore/:  ^  =  R  :  sin.  O. 
But  F:/=R*:sin.*i 

Therefore  F : ^  =  R^ :  sin.*»  X  sin.  O,  and  ^  = 
F  X  sin.*  i  X  sin.  O. 

Cor.— -The  direct  impulse  on  any  surface  b  to  the  efiect- 
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ive  oblique  impulw  in  the  direction  of  ttic  sLreanit  ns  (lie 
cube  of  nullum  u>  ilie  cube  of  llic  einc  of  incitlcnce.  For 
draw  I^  and  Gl'  perpendicular  to  GH,  and  IP  peqicndU 
cular  to  GI' ;  then  tbu  absolute  impulse  Gl  is  equivaJent 
to  the  impulse  GQ  in  the  direcliou  of  the  stream,  aud  GP, 
whicli  may  be  called  the  transverse  impulse.  The  angle 
GIQ  is  evidently  equal  to  the  augle  GUI,  w  FGC,  the 
angle  of  incidence. 

Therefore  /=  p  =  GI :  GQ.t  R  :  sin.  L 
But  F;/=  R':on,»i. 

Therefore  F  :  p  =  B."  :  Hn.*i. 

And  f^=Yx  sin.'  j. 
Before  we  proceed  further,  we  shall  consider  the  impulse 
on  a  surface  which  is  also  in  motion.  This  is  evidently  a 
trequcnt  and  on  important  case.  It  is  perhaps  the  meet 
frequent  and  important :  It  is  the  cose  uf  a  ship  under  sail, 
and  of  a  wind  oi-  water-mill  at  work. 

Therefore,  let  a  stream  of  fluid,  moving  with  the  direc> 
tion  and  velocity  DE,  meet  a  plaue  BC,  (Fig.  2.)  which  U 
moving  parallel  to  itself  in  the  direction  and  with  the  velo- 
city UF :  It  is  required  to  determine  the  impulse  ? 

Nothing  is  more  easy.  The  mutual  actions  of  bodies 
depend  on  their  relative  motions  only.  The  motirai  DE 
of  the  fluid  relative  to  BC,  which  is  also  in  motion,  is  com- 
pounded of  the  real  motion  of  tlie  fluid,  and  the  opposite 
to  the  real  motion  of  tlie  body.  Therefore  produce  FD 
till  D/  =  DF,  and  complete  the  parallelograni  D/eE, 
and  draw  the  diagonal  I)  e.  The  impulse  on  the  pUnc  is 
the  same  as  if  the  plane  were  at  rest,  and  every  particle  of 
the  fluid  impelled  it  in  the  direction  and  with  the  velocity 
J)  e ;  and  may  therefore  be  determined  by  the  foregtnng 
pr(qM>sition.  This  proposition  applies  to  every  possible 
case;  and  we  shall  not  bestow  more  time  on  it,  but  reserve 
the  important  modification  of  the  general  proposition  for 
the  cases  which  shall  occur  in  tlie  practical  applications  of 
the  whole  doctiioe  of  the  impulse  and  rei^stancc  of  fluids. 
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Pbm.  IV.  The  diroct  impulse  of  a  stream  of  itud,  who0e 
Inadtk  is  given,  is  to  its  oblique  effective  impulse  in  the 
Election  of  the  stream,  as  the  square  of  radius  to  the  square 
of  th^  mne  of  the  an|^  of  incidenoe. 

For  the  number  of  filaments  which  occupy  the  oblique 
plane  BC,  would  occupy  the  portion  NC  of  a  perpendicu- 
lar plane,  and  therefore  we  have  only  to  compare  the  per- 
pmdicular  impulse  on  any  point  V  with  the  effective  inv- 
pulse  made  by  the  ssone  filament  FV  on  the  oblique  plane 
at  G.  Now.  GH  represents  the  impulse  which  this  fila- 
ment would  make  at  V ;  and  6Q  is  the  effective  impulse 
of  the  same  filament  at  6,  .estimated  in  the  direction  6H 
of  the  stream ;  and  6H  is  to  6Q  as  6H<  to  6P,  that  is, 
as  nuL'  to  mn.'  t  •  . 

Cor.  I.  The  effective  impulse  in  the  direction  of  the 
stream  on  any  plane  surface  BC,  is  to  the  direct  impulse 
on  its  base  BR  or  S£,  as  the  square  of  the  une  of  the  an- 
gle  of  inddence  to  the  square  of  the  radius. 

2.  If  an  isosceles  wedge  ACB  (Fig.  8.)  be  exposed  to 
a  stream  of  fluid  movmg  in  the  direction  of  its  hdght  CD, 
the  impulse  on  the  sides  is  to  the  direct  impulse  on  the 
base,  as  the  square  of  half  the  base  AD  to  the  square  of 
the  nde  A,C,  or  as  the  square  of  the  mne  of  half  the  aof^ 
of  the  wedge  to  the  square  of  the  radius.  For  it  is  evi- 
dent,  that,  in  this  case,  the  two  transverse  impulses,  such 
as  GP  in  Fig.  1.  balance  each  other ;  and  the  only  impulse 
which  can  be  observed  is  the  sum  of  the  two  impulses,  such 
as  GQ  of  Fig.  1.  which  are  to  be  compared  with  the  im- 
pulses on  the  two  halves  AD,  BD  of  the  base.  Now  AC 
:  AB  =  rad.  :  sin.  ACD,  and  ACD  is  equal  to  the  angle 
of  incidence. 

Therefore,  if  the  angle  ACB  is  a  right  angle,  and  ACD 
is  half  a  right  angle,  the  square  of  AC  is  twice  the  square 
ci  AD,  and  the  impulse  on  the  ndes  of  a  rectangular 
wedge  is  half  the  impulse  on  its  base. 

AlscH  if  a  cube  ACBE  (Fig.  4.)  be  exposed  toa  stream 
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moving  in  a  direction  perpendicular  to  one  at  its  sides,  and 
then  to  a  stream  moving  in  a  direction  perpendicular  to 
one  of  its  diagonal  planes,  the  impulse  in  the  iirat  case  wiil 
be  to  the  impulse  in  the  second  as  \^  to  1.  Call  the  per- 
pendicular impulse  on  a  ade  P,  and  the  perpendicular  im- 
pulse on  its  diagonal  plane  f,  and  the  effective  oblique  im- 
pulK  on  its  sides  ^ ;— -we  have 

F:/=AC  :  AB  =  1  :  v'T,  and 
,      ^if^AC^AD'Werl.  'Th*efi»e    ■ 

F:»=  2 : -/H,  i^  ^  :  %  or  nry 

nearly  as  1 0  to  7. 

The  same  reasoning  will  apply  to  a  pyramid  whose  base 
IB  a  regular  polygon,  and  whose  axis  is  perpendicular  to 
the  base.  If  such  a  pyramid  is  exposed  to  a  stream  of 
fluid  moving  in  tlie  direction  of  the  axis,  the  direct  impulse 
on  the  base  is  to  the  effective  impulse  on  the  pyramid,  as 
the  square  of  the  radius  to  the  square  of  the  sine  of  the 
angle  which  the  axis  makes  with  the  sides  of  the  pjTamid. 

And,  in  like  manner,  the  direct  impul^on  on  the  base  of 
a  right  cone  is  to  the  effective  impulsion  on  the  conical  sur- 
&ce,  as  the  square  of  the  radius  to  the  square  of  the  une 
(^  half  the  angle  at  the  vertex  of  the  cone.  This  is  de- 
monatrated,  by  supposing  the  cone  to  be  a  pyramid  of  an 
infinite  number  of  odes. 

'  We  may  in  this  manner  compare  the  impube  on  any 
polygonal  surface  with  the  impulse  on  its  base^  by  com- 
paring apart  the  impulse!  on  each  plane  with  those  in  their 
corresponding  baaes,  and  taking  their  sum. 

'And  we  may  compare  the  impulse  on  a  curved  surface 
With  that  on  its  base,  by  resolving  the  curved  surface  into 
elementary  pluies,  each  of  which  is  impelled  by  an  ele- 
mentary filament  of  the  stream. 

The  following  beaatiful  proposition,  given  by  Le  Seur 

and  Jaquier,  in  Aar  Conmentary  on  the  Second  Book  of 

NewloQ*8  Prindpia,  with  a  few  examples  of  its  application* 

wiB  suffice  for  anjf  fiirUMr  account  of  this  theory. 

5 
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>iPbop.  V^  Let  ADB  (Fig.  5.)  be  tbe^aeotioii  of  a  siflN 
fieioe  of  jimple  curvatore^  each  as  b  the  nirfaee  of  a  cjby 
deii  Xet  tlMs  be  expoBed-to  theactioa  of  <afliiidiiiCHVii^ 
IB  the  direcfion  AC'  Let  BC  be  the  aectioa  of  the)  pka^ 
(which  we  have  called  its  base),  perpendicular  to. the  d^ 
rection  of  the  streaosu  In  AC  produced,  take  any  length 
GG ;  and  on  CG  deseribe  the  semicircle  CHG,  and  cQni<^ 
jj^Iete  the  rectan;^  BCGO.  Through  any  pomt  D  of  liie 
curve  dratir.El)  parallel  to  AC^  and  meeting  BG  and-Q6 
ia>Q  and  P.  Let  DF  touch  the  curve  in  D,  and  draw  the 
chord  .GH  parallel  to  DF,  and  HEM  perpendicular  lo 
CG,  meeting  ED  in  M.  Suppose  this  ta  be  done  for 
every  point  of  the  curve  ADB,  and  let  LMN  be  the  eur^e 
winch  passes  through  all  the  points  of  intersection  <if  Jtkt 
parallels  EDP  and  the  corresponding  peipendiculan 
HKM..:  ^      ,:  ..V 

%' The  effective  impulse  on  the leurve  surface  ADB  in  tfie 
directioD  of  the  stream^  ^  tO/its  direct  impidse  oft  Ae  basfe 
BC  asitlfe  area  BCNLis  to  the  r^tangleBCGO.  (Fig.'4i) 
'  linLw.edqmp  paralleLto  £P,  and  extl*elnely  near' 3t« 
The  r^rc^  Di2  of  the  curve  niay  be  conceived  as  the,  aeb- 
tion  €>£  an  eleintotary  plane,  having  the  pdisition  of  tUe  tai^ 
gent  DF.    The  angle  EDF  is  the  angle  ef  hioiden^4tt' 
Ae  filament  ED  d  e.    This  is  equal  to  Q6HJ  bebnise^fiB^ 
DF,  are  parallel  to  CG,  GH;  and  (because  CHG  is  a>se^ 
midrde)  CH  is  perpendiculiv  taGH.    AIsqv  CG  :  OH 
±sr  CH  :  CK,  and  CG  :  CE  ss=  CG*  :  CIP,  =x=rad.«  :  sk?, 
C6H,  =  rad.'  :  sin.^  indd.    Therefore,  if  CG,  or  its  eqilal 
DP,  represent  the  direct  impulse  on  the  point  Q^of  tfa^ 
bas^  CK,  or  its  equal  QM,  will  xepresent  the  effective 
impulse  on  the  point  D  of  the  curve.    And  thus,  Q^qpT 
will  represent  the  direct  impulse  of  the  filament  on  the>  ele- 
ment  Q  ;  of  the  base,  and  QqmM  will  represent  the  e& 
fective  impulse  ot  the  same  filament  on  the  element  D  d  of 
the  curve.    And,  as  tUs  is  true  of  the  whole  <;urve  ADB, 
the  effective  impulse  onlhe  phde  curve  will  be  re{Mresent. 
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cd  by  the  area  BCNML ;  and  the  direct  impulse  on  the 
bwe  will  be  represented  by  the  rectangle  BCGO ;  and 
tberefixe  the  impulse  on  the  curve-surface  is  to  the  im- 
pulie  on  the  base  as  the  area  BLMNC  is  to  the  rectangle 
B06C. 

It  is  plain,  from  the  construction,  that  if  the  tangent  to 
the  curve  at  A  is  perpendicular  to  AC,  the  point  N  wiD 
ooindde  with  G.  Also,  if  the  tangent  to  the  carve  at  B 
is  parallel  to  AC,  the  point  L  will  coincide  with  B. 

Whenever,  therefore,  the  cur^'e  ADB  is  such,  that  an 
equation  can  be  had  to  exhibit  the  general  relation  between 
theabadssa  AR  and  the  ordinate  1>R,  we  shall  deduce  an 
equation  which  exhibiu  the  relation  between  the  absciss 
CK  and  the  ordinate  KM  of  the  curve  LMN  ;  and  this 
will  give  us  the  ratio  of  BLNC  to  BOGC. 

Thus,  if  the  surface  is  that  of  a  cylinder,  so  that  the 
curve  BDAfi,  (Fig.  6.)  which  receives  the  impulse  of  the 
fluid,  is  a  semidrcle,  make  06  equal  to  AC,  and  construct 
the.  figure  as  before.  The  curve  BMG  is  a  parabola, 
vhoee  axis  CG,  whose  vertex  is  G,  and  whose  parameter 
is  equal  to  CG.  For  it  is  pUiin,  that  06  =  DC,  (Fig.  4.) 
and  6H  =  CQ.  =  ME.  And  CG  X  6E  =  GH*  = 
KM* ;  that  is,  the  curve  is  such,  that  the  aquaie  of  the 
i»dinate  KM  is  equal  to  the  rectangle  of  the  abscissa  6K 
and  a  constant  line  6C;  and  it  is  therefore  a  para- 
bola, whose  vertex  is  6.  Now,  it  is  well  known,  that  the 
parabolic  area  BM6C  is  two-thirds  of  the  parallelogram 
BCGO.  Therefore  the  impulse  on  the  quadrant  ADB  is 
two-thirds  of  the  impulse  on  the  base  BC.  The  same  may 
be  said  of  the  quadrant  Adb  and  its  base  c b.  Therefore, 
The  impulse  on  a  cj/linder  or  half  cylinder  is  tteo-thirdt 
^  ihe  direct  impulse  on  its  transverse  plane  throu^  tht 
aais  ;  or  it  b  two-thirds  oS  the  d'urect  impulse  on  one  mde 
of  a  paraUelopiped  of  the  same  breadth  and  height 

Prop.  VI.   If  the  body  be  a  solid  generated  by  the  re- 
Tolutbn  of  the  figure  BDAC  (Fig.  5.)  round  the  axis  AC, 
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and  if  it  be  exposed  to  the  action  of  a  stream  of  fluid  mov^ 
ing  in  the  direction  of  the  axis  AC  ;  then  the  efiective  im« 
pulse  in  the  direction  of  the  stream  is  to  the  direct  impulse 
on  its  base,  as  the  solid  generated  by  the  revolution  of  the 
figure  BLMNC  round  the  axis  CN  to  the  cylinder  gene- 
rated by  the  revolution  of  the  rectangle  B06C. 

This  scarcely  needs  a  demonstration.  The  figure 
ADBLMNA  is  a  section  of  these  solids  by  a  plane  pass- 
ing  through  the  axis ;  and  what  has  been  demonstrated  of 
this  section  is  true  of  every  other,  because  they  are  all 
equal  and  similar.  It  is  therefore  true  of  the  whole  so- 
lids, and  (their  base)  the  circle  generated  by  the  revolu* 
tion  of  EC  round  the  axis  AC. 

Hence  we  easily  deduce,  that  The  impulse  on  a  sphere 
is  one  half  of  the  direct  impube  on  its  great  circle^  or  on 
the  base  of  a  cylinder  of  equal  diameter. 

For,  in  this  case,  the  curve  BMN,  (Fig.  6.)  which  ge- 
nerates the  solid  expressing  the  impulse  on  the  sphere,  is  a 
parabola,  and  the  solid  b  a  parabolic  conoid.  Now  tiiis 
conoid  is  to  the  cylinder  generated  by  the  revolution  of  the 
rectangle  BOGC  round  the  axis  CG,  as  the  sum  of  all  the 
drdes  generated  by  the  revolution  of  ordinates  to  the  pa- 
rabola such  as  EM,  to  the  sum  of  as  many  circles  gene- 
rated by  the  ordinates  to  the  rectangle  such  as  ET ;  or  as 
the  sum  of  all  the  squares  described  on  the  ordinates  EM 
to  the  sum  of  as  many  squares  described  on  the  ordinates 
ET.  Draw  BG  cutting  ME  in  S.  The  square  on  ME 
is  to  the  square  on  BC  or  TE  as  the  abscissa  GE  to  the 
abscissa  GC  (by  the  nature  of  the  parabola),  or  as  SE  to 
BC  ;  because  SE  and  BC  are  respectively  equal  to  GE 
and  GC.  Therefore  the  sum  of  all  the  squares  on  ordi- 
nates, such  as  ME,  is  to  the  sum  of  as  many  squares  on 
ordinates,  such  as  TE,  as  the  sum  of  all  the  lines  SE  to 
the  sum  of  as  many  lines  TE ;  that  is,  as  the  triangle 
BGC  to  the  rectanjgle  BOGrC  ;  that  is,  as  one  to  two :  and 
therefore  the  impulse  on  the  sphere  b  one-half  of  the  di^ 
rect  impulse  on  its  great  circle. 
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From  the  same  oonstnictkm  we  may  very  eanly 
a  very  curious  and  aeenuDgly  useful  trutb^  that  of  all 
cal  bo^es  having  the  drde  whose  (iUameter  is  AB  (Hg.9L) 
£x  its  base,  and  FD  for  its  height,  the  one  whidi 
the  smallest  impulse,  or  meets  with  the  smallest 
is  the  frustum  AGHB  of  a  cone  ACB  so  oonstructed,  Aii 
EF  bemg  taken  equal  to  ED,  EA  is  equal  to  EC.  TUi 
frustum,  though  more  capacious  than  the  cone  AFB  of  tihe 
same  haght,  will  be  less  redsted. 

Also,  if  the  solid  generated  by  the  revolution  of  BDAC 
(Fig.  5.)  have  its  anterior  part  covered  with  a  frustum  cf 
a  oone  generated  by  the  lines  Da,  a  A,  forming  the  angk 
at  a  of  135  degrees;  this  solid,  though  more  capadoai 
than  the  included  solid,  will  be  less  resisted. 

And,  from  the  same  principles.  Sir  Isaac  Newton  deCer« 
mined  the  form  of  the  curve  ADB,  which  would  generate 
the  solid  which,  of  aH  others  of  the  same  length  and  base, 
should  have  die  least  resistance. 

These  are  curious  and  important  deductions,  but  are  not 
introduced  here,  for  reasons  which  will  soon  appear. 

The  reader  cannot  fful  to  observe,  that  all  that  we  have 
hitherto  delivered  on  thb  subject,  relates  to  the  comparison 
of  different  impulses  or  resistances.  We  have  always  com- 
pared  the  oblique  impulsions  with  the  direct,  and  by  their 
intervention  we  compare  the  oblique  impulsions  with  each 
other.  But  it  remains  to  give  absolute  measures  of  some 
individual  impulsion  ;  to  which,  as  to  an  unit,  we  may  re- 
fer every  other.  And  as  it  is  by  their  pressure  that  they 
become  useful  or  hurtful,  and  they  must  be  opposed  by 
other  pressures,  it  becomes  extremely  convenient  to  com- 
pare them  all  with  that  pressure  with  which  we  are  most 
familiarly  acquainted,  the  pressure  of  gravity. 

The  manner  in  which  the  comparison  is  made  is  this. 
When  a  body  advances  in  a  fluid  with  a  known  velocity, 
it  puts  a  known  quantity  of  the  fluid  into  motion  (as  is 
supposed)  with  this  velocity ;  and  this  is  done  in  a  known 
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timet.  "We  hsve  only  to  ezamiiie  iriiat  w^ght  will  put  this 
qwttltity  of  fluid  into  the  same  motion^  by  acting  on  it  dur 
liti^  the  same  time.  Tins  Weight  is  conodived  aS  equal  to 
the  resistance*  Thus,  let  us  suppose  that  a  stream  of  wa* 
ter,  moving  at  the  fate  of  eight  feet  per  second,  is  perpesk 
dicularly  obstructoid  by  a.  square  foot  of  solid  surface  held 
fast  in  its  place.  Conceiving  water  to  act  in  the  manner 
of  the  hypothetical  fluid  now  described,  and  to  be  without 
elasticity,  the  whole  effect  is  the  gradual  annihilation  of  th^ 
motion  of  ^ht  cubic  feet  of  water  moving  eight  feet  in  a 
seccmd.  And  this  is  done  in  a  second  of  time.  It  is  equi- 
valent to  the  gradually  putting  ei^t  cubic  feet  of  water 
iflito  motion  with  this  veloc^y ;  ahd  doing  this  by  acting 
uniformly  during  a  second. .  What  weight  is  able  to  pn^ 
duce  this  effect  ?  The  wdght  of  oght  feet  of  water^  acting 
diiritig  a  second  on  it,  will,  as  is  well  known,  give  it  the, 
velocity  of  thirty^two  feet  per  second ;  that  is,  four  timeji 
greater.  Therefore,  the  weight  of  the  fourth  part  of  eight 
cubic  feet,  that  is,  the  weight  of  two  cubic  feet,  acting  du« 
rakgA  second,  will  do  the  same  thing,  or  the  weight  of  a 
eohunii  of  water  whose  bi^  is.  a  square  foot,  and  whose 
height  is  two  feet  This  will  not  only  produce  this  effect 
in  the  same  time  with  the  impulsion  of  the  solid  body,  but 
it  will  also  do  it  by  the  same  degrees,  as  any  <Hie  will  dear- 
ie perceive^  by  attending  to  the  gradual  acceleration  of  the 
mass  of  water  urged  by  one-fourth  of  its  weight,  and  com- 
paring this  with  the  gradual  production  or  extinction  of 
motion  in  the  flmd  by  the  progress  of  the  reosted  surface- 
Now  it  is  well  known  that  eight  culnc  feet  of  water,  by 
£sdBng  one  foot,  winch  it  will  do  in  one-fourth  of  a  second, 
will  acquire  the  vekxnty  of  ^ht  feet  per  second  by  its 
w^ght ;  therefore  the  force  which  produces  the  same  ef- 
fect in  a  whole  second  is  one*fourth  of  this.  This  for^e  ia 
therefore  equal  to  the  wri^t  of  a  column  of  water,  whoae 
base  is  a  square  foot,  and'whose  height  is  two  feet ;  that  is, 
twice  the  height  necessatyfiir  acquiring  the  vekxaty  of  the 


HESISTANCE  OF  FLUIDS. 

motion  by  grovity.  The  concluHon  is  the  same  whatever 
be  the  surface  that  is  resists],  whatever  be  the  fluid  that 
resists,  and  whatever  be  the  velocity  of  the  motion.  la  tliis 
inductive  and  familiar  manner  we  learn,  that  the  dirtct  im~ 
pulse  or  resistance  of  an  unrlastic.  Jhitd  on  any  plane  sur- 
Jace,  xs  equal  to  the  weig/it  of  a  column  qf  thefuid  having 
the  mrface  for  Us  base,  and  twice  the  fall  ncccisaryfor  ac- 
qturing  ike  velocity  of  the  motion  Jbr  its  height :  and  if 
the  fluid  is  considered  as  elastic,  the  impulse  or  resislance 
IB  twice  as  great.  See  Newt.  Prindp.  B.  II.  Pn^  35. 
and  88. 

It  now  remans  lo  compare  this  theory  with  experiment 
Many  have  been  made,  both  by  Sir  Isaac  Newton  and  by 
subsequent  writers.  It  i^  much  to  be  lamented,  that  in  a 
matter  of  such  importance,  both  to  the  philosopher  and  to 
the  artist,  there  is  such  a  disagreement  in  the  results  with 
each  other.  We  shall  mention  the  experiments  which  seem 
to  have  bceii  made  with  the  greatest  judgment  and  care. 
Those  of  Sir  Isaac  Newton  were  chiefly  made  by  the  osdl- 
latioiis  of  pendulums  in  water,  and  by  the  descent  of  balls 
both  in  water  and  in  air.  Many  have  been  made  by  Ma- 
riotte  (  Train  de  Mouvtmfnt  dei  Eaux).  G  ravesande  ba* 
published,  in  his  System  of  Natural  Philotophy^  experi- 
ments made  on  the  resistance  or  impulsions  on  solids  in  the 
midst  of  a  pipe  or  canal.  They  are  extremely  well  con- 
trived, but  are  on  so  small  a  scale  that  they  are  of  very  httle 
use.  Daniel  Bernoulli,  and  his  pupil  Professor  Erafft,  have 
published  in  the  Commer^.  Acad.  PetropoL  experiments  on 
the  impulse  of  a  stream  or  vein  of  water  from  an  orifice  or 
tube.  These  are  of  great  value.  The  Abbe  Bossut  has 
published  others  of  the  same  kind  in  his  Hydrodynamique. 
Mr  Robins  has  published,  in  his  New  Principles  qf  Gun- 
nery, many  valuable  experiments  on  the  impulse  and  re- 
sistance of  air.  The  Cfaev.  de  Borda,  in  the  Mem.  Acad, 
Paris,  l76Sand  1767,  has  pv*n  experiments  on  the  re- 
ustance  of  air  and  also  of  water,  which  are  very  interesting. 
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The  most  complete  coUectioQ  of  experiments  on  the  mbt- 
mictt£  wmler  are  those  made  at  the  public  expense  b]r  a 
coamiittee  of  the  academy  of  sdences,  oonasting  of  the  Mar- 
qius  de  Condoroet,  Mr  D^Alembert,  Abb<  Bossut,  and 
oithers.  The  Cher,  de  Buat,  in  his  HydrauSque^  has  pub- 
lished some  most  curious  and  valuable  experiments  where 
many  important  rircumstanoes  are  taken  notice  of^  which 
bad  never  been  attended  to  before,  and  which  give  a  view 
of  the  subject  totally  different  from  what  is  usually  taken 
of  it  Don  George  dMUIloa,  in  his  E^pamine  MarUimOf  has 
also  given  some  important  experim^ts,  rimilar  to  those  ad^ 
duced  by  Bouguer  in  his  Manonivre  des  VaisseauXf  but 
leading  to  very  different  conclusions.  All  these  should  be 
consulted  by  such  as  would  acquire  a  practical  knowledge 
of  this  subject  We  must  content  ourselves  with  giving 
their  most  general  and  steady  results.    Such  as, 

1.  It  is  Tery  consonant  to  experiment  that  the  reristances 
are  proportional  to  the  squares  of  the  velodties.  When 
the  "velocities  of  water  do  not  exceed  a  few  feet  per  second^ 
no  senrible  deviation  is  observed.  In  very  small  velocities 
the  resistances  are  sensibly  greater  than  in  this  proportion, 
and  this  excess  is  plainly  owing  to  the  visddity  or  imper- 
fect fluidity  of  water.  Sir  Isaac  Newton  has  shown  that 
the  lesistance  arini^  from  this  cause  is  constant,  or  the 
same  in  every  velocity ;  and  when  he  has  taken  off  a  certain 
part  of  the  total  reostance,  he  found  the  remainder  was  very 
exactly  proportionable  to  the  square  of  the  velocity.  His 
experiments  to  tUs  purpose  were  made  with  balls  a  very 
little  heavier  than  water,  so  as  to  descend  very  slowly ;  and 
they  were  made  with  his  usual  care  and  accuracy,  and  may 
be  depended  on. 

In  the  experiments  made  with  bodies  floating  on  the  sur- 
face of  water,  there  is  an  addition  to  the  resistance  arising 
from  the  inertia  of  the  water.  .  The  water  heaps  up  a  little 
on  the  anterior  surface  of  the  floating  body,  and  is  depress, 
e^bdnndit   Hence  arises  *  hydro^tical  pressure,  actiitt|^ 
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in  doDoeit  with  the  true  redftanoe^  A  «iiiiler  thing  is  dv 
served  in  the  leeiatance  of  air»  which  is  oondewaert  befoie 
the  body  end  rarefied  behind  it,  and  thus  an  additional  re^ 
ftstanoe  is  produoed  by  the  unbalanced  daatidty  .of  the  air  ^ 
and  also  because  the  air,  which  is  achuiljf  £^laced,  ia 
denser  than  oommon  air.  These  circsumstaneea  cauie  the. 
rnistanoes  to  increase  faster  than  the  squares  cf  the  vekicft* 
ties :  but,  even  independent  of  this,  there  is  an  additicmal 
renstance  arising  from  the  tendency  to  rarefaction  behind  a 
very  vmSt  body ;  because  the  pressure  oS  the  surrounding 
fluid  can  only  make  the  fluid  fill  the  qpace  left  with  a  deter- 
mined vdodty. 

We  have  had  occasion  to  speak  of  this  circumstance  idore 
particukrly  under  Gunneey  and  Pneumatics,  when  con- 
adering  very  nqnd  moticms.  Mr  Robins  had  remarked  that 
the  velocity  at  which  the  observed  reastance  of  the  air  be* 
gan  to  increase  so  prodigiously,  was  that  of  about  llOQ  or 
1900  feet  per  second,  and  that  this  was  the  velocity  with 
lihich  air  would  rush  into  a  void.  He  concluded,  that  when 
the  velocity  was  greater  than  this,  the  ball  was  exposed  to 
the  additional  resistance  arising  from  the  unbalanced  stati- 
cal pressure  of  the  air,  and  that  this  constant  quantity  be- 
hoved to  be  added  to  the  resistance  arising  from  the  air'^s 
inertia  in  all  greater  velocities.  This  is  very  reasonable : 
But  he  imagined  that  in  smaller  velocities  there  was  no  such 
unbalanced  pressure.  But  this  cannot  be  the  case  :  for  al- 
though in  smaller  velocities  the  air  will  still  fill  up  the  space 
Miind  the  body,  it  will  not  fill  it  up  with  air  of  the  same 
density.  This  would  be  to  suppose  the  motion  of  the  air 
into  the  deserted  place  to  be  instantaneous.  There  must 
therefore  be  a  rarefaction  behind  the  body,  and  a  pressure 
baokward;  arising  from  unbalanced  elasticity,  independent 
5ff  the  condensation  on  the  anterior  part.  The  condensation 
ilriiflrarefaction  are  caused  by  the  same  thing,  viz.  the  li- 
daatid^  of  the  air.  Were  this  infinitely  great,  the 
•<OBdansation  before  the  body  would  be  instantly 
over  the  whole  air,  and  so  would  the  rarefaction, 
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80  that  no  prasflure  of  unbakmced  elastidty  would  be  ob» 
M*ved ;  but  the  elastidty  is  such  as  to'pfbpagate  the  coa» 
densadon  with  the  velodty  of  sound  onlj^  I.  e.  the  velocity 
of  11 46  feet  per  second.  Therefore  this  additional  resistance 
does  not  oonmienoe  precisdy  at  this  velodty,  but  is  sensible 
in  ill  smaller  velodties,  as  is  very  justly  observed  by  Eulen 
But  we  are  not  yet  able  to  ascertain  the  law  of  its  increase^ 
dthough  it  is  a  problem  which  seems  susceptible  of  a  tohs 
rably  accurate  solution. 

Precisely  nmilar  to  this  is  the  resistance  to  the  motion  of 
floating  bodies,  arisbg  froAi  the  accumulation  or  gorging  up 
of  the  water  on  their  anterior  surface,  and  itsdeprMOon  be- 
hind them.  Were  the  gravity  of  the  water  infinite,  while 
its  inertia  remains  the  same,  the  wave  raised  up  at  the  prow 
of  a  ship  would  be  instantiy  diffused  over  the  whole  oceaB, 
and  it  would  therefore  be  infinitely  small,  as  also  the  de^ 
pression  behind  the  poop.  But  this  wave  requires  time  fi»r 
its  diffiinon ;  and  while  U  is  not  diffused,  it  acts  by  hydro* 
statical  pressure.  We  are  equally  unable  to  ascertain  the 
law  of  variation  of  this  part  of  the  resistance,  the  mechanism 
ofwavesb^g  but  very  imperfectly  understood.  The  height 
of  the  wave  in  the  experiments  of  the  French  Academy 
could  not  be  measured  with  suffident  precision  (being  only 
observed  en  pasmmi)  finr  ascertaining  its  relation  to  the  ve^ 
lodty.  The  Chev.  Buat  attempted  it  in  his  experiments^ 
but  without  success.  This  must  evidently  make  a  part  of 
the  renstance  in  all  velocities :  and  it  still  remains  an  undei- 
dded  question,  ^  What  relation  it  bears  to  the  velodtiea  ?^ 
When  the  solid  body  is  wholly  buried  in  the  fluid,  this  ac^ 
cumulation  does  not  take  place,  or  at  least  not  in  the  same 
way :  It  may,  however,  be  observed.  Every  person  may 
ncollect,  that  in  a  very'sirift  running  stream  a  large  stone 
at  the  bottom  will  produce  a  small  swell  above  it;  unless  it 
liea  very  deep,  a  nice  eye  may  still  observe  it.  The  watery 
on  arriving  at  the  obstade,  glides  past  it  in  every  duceotion, 
aadv  deflected  oo  all  hands;  and  therefore  what  passes 
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over  it  is  also  deflected  upwards,  and  causes  the  water  over 
it  to  rise  above  its  level.  The  nearer  that  the  body  is  to 
the  surface,  the  greater  will  bo  the  perpendicular  rise  of  the 
water,  but  it  will  be  less  diffused ;  and  it  is  uncertain  whe- 
ther  the  jukote  elevation  will  be  greater  or  less.  By  the 
whoie  elevation  wc  mean  the  area  of  a  perpendicular  sectioa 
of  the  elevation  by  a  plane  perpendicular  to  the  direction 
rf  the  stream.  We  are  rather  disposed  to  think  that  this 
area  will  be  greatest  when  the  body  is  near  the  surface. 
D'UUoa  lias  attempted  to  consider  this  subject  scientifical' 
ly;  and  is  of  a  very  different  opinion,  which  he  confimu 
by  the  »ngle  experiment  to  be  mentioned  by  and  by.  Mean 
time,  it  is  evident,  that  if  the  water  which  ghdes  past  the 
body  cannot  fall  in  behind  it  with  sufficient  veloaty  for 
filling  up  the  space  behind,  there  must  be  a  void  there; 
aad  thui  a  hydrostatical  pressure  must  be  superadded  to 
the  reastanoe  arising  from  the  inertia  of  the  wMta.  All  > 
niut  have  observed,  that  if  the  end  of  a  stick  hdd  in  the 
hand  be  drawn  slowly  through  the  water,  the  water  will  fill 
the  place  leftby  the  stick,  and  there  will  be  no  curled  wave: 
but  if  the  motion  be  very  rapid,  a  hollow  trough  or  gutter 
is  left  behind,  and  is  not  filled  up  till  at  some  distance  from 
the  stick,  and  the  wave  which  forms  its  »des  is  very  much 
broken  and  curled.  '  The  writer  of  this  article  has  often 
looked  into  die  water  from  the  poop  of  a  second-rate  man 
of  war  when  she  was  sailing  1  ]  miles  per  hour,  which  is  a 
velocity  of  16  feet  per  second  nearly  ;  and  he  not  only  ob- 
served that  the  back  of  the  rudder  was  naked  for  about  two 
feet  below  the  load  water-line,  but  also  that  the  trough  or 
wake  made  by  the  ship  was  filled  up  with  water  which  was 
broken  and  foaming  to  a  considerable  depth,  and  to  a  con- 
uderable  distance  from  the  vessel :  There  must  therefwe 
havfl  been  a  void.  He  never  saw  the  wake  perfectly  tran- 
q»rent  (and  therefore  completely  filled  with  water)  when 
the  vekxnty  exceeded  9  or  10  feet  per  second.  While  this 
broken  water  is  observed,  there  can  be  no  doubt  that  there 
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16  a  void  and  an  addiUonal  resistance.  But  even  when  the 
qpaoe  left  by  the  body,  or  the  space  bdbind  a  still  body  ex* 
posed  to  a  stream,  is  completely  filled,  it  may  not  be  filled 
sufficiently  fast,  and  there  may  be  (and  certainly  is,  as  we 
diall  see  afterwards)  a  quantity  of  water  behind  the  body^ 
which  is  moving  more  slowly  away  than  the  rest,  and 
therefiore  hangs  in  some  shape  by  the  body,  and  is 
dragged  by  it,  increanng  the  reastance.  The  quantity 
of  this  must  depend  partly  on  the  velocity  of  the  body 
or  stream,  and  partly  on  the  rapidity  with  which  the  sur- 
rounding water  comes  in  behind.  This  last  must  depend 
OD  the  pressure  of  the  surrounding  water.  It  would  appear, 
that  when  this  adjmning  pressure  is  very  great,  as  must 
bappen  when  the  depth  is  great,  the  augmentation  of  re- 
mstance  now  qsoken  of  would  be  less.  Accordingly,  this 
appears  in  Newton^s  experiments,  where  the  balls  were  less 
retarded  as  they  were  deeper  under  water. 

These  experiments  are  so  simple  in  their  nature,  and 
were  made  with  such  care,  and  a  person  so  able  to  de- 
tect and  appredate  every  drcumstance,  that  they  deserve 
great  credit ;  and  the  conduuons  legitimatebf  drawn  from 
them  deserve  to  be  conndered  as  phyacal  laws.  We  think 
that  the  present  deduction  is  unexceptionable :  for  in  the 
motion  of  balls,  which  hardly  descended,  their  preponder- 
ancy  being  hardly  sensible,  the  efiSect  of  depth  must  have 
borne  a  very  great  proportion  to  the  whole  resistance,  and 
must  have  greatly  influenced  their  motions ;  yet  they  were 
observed  to'fall  as  if  the  reastance  had  no  way  depended 
on  die  depth. 

The  same  thing  appears  in  Borda^s  experiments,  where 
a  sphere  which  was  deeply  immersed  in  the  water  was  less 
refflsted  than  one  that  moved  with  the  same  velocity  near 
the  surface ;  and  this  was  very  constant  and  regular  in  a 
course  of  experiments.  DUUoa,  however,  affirms  the  con- 
trary :  He  says  that  the  reastanoe  of  a  board,  which  was  a 
foot  broad,  immersed  one  foot  in  a  stream  moving  two  feet 
per  second,  was  IS^lbs. ;  and  the  resistance  tp  the  same 
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board,  when  immersed  S  feet  in  a  stream  moving  1  j  feet  per 
Gef»nd  (in  wliich  case  the  surface  was  2  feet),  was  26\ 
pounds.' 

We  are  very  sorry  that  we  cannot  give  a  proper  account 
prtliis  theory  of  reastance  by  Don  George  Juan  D'Ulloa, 
an  author  of  great  mathematical  reputation,  and  the  inspec- 
tor of  the  marine  academies  in  Spain.  We  have  not  been 
able  to  procure  either  the  original  or  the  French  transla- 
tion, and  judge  of  it  only  by  an  extract  by  Mr  Frony  in  his 
Architecture  HydrauliqiUf  sect.  8G8,  8:c.  The  theory  is  en- 
veloped (according  to  Mr  Prony's  custom)  in  the  most  com. 
{Skated  expressions,  so  that  the  physical  principles  are  kepi 
almost  out  of  sight.  When  accommodated  to  tlie  simplest 
|RMiibl«  «aae,  it  is  nearly  «k  {(dlowB :  ■■-■I 

'  X<et  o  be  an  elementary  tuifioe  or  pration  ofthe  auriaee 
of  thende  of  a  vesad  filled  wHb  a  heavy  fiaid,aDd  let  A  be 
its  depth  under  the  borisontal  surface  aS  tiie  fluid.  Jjet ) 
be  the  denmty  of  the  fluid,  and  t  the  eccelentive  povor  of 
^krity,  =tt  38  feet  velocity  acquired  ita  a  seeondu  '  " 

It  is  knovit,  Bays  be,  that  the  water  would  flow  out  at 
this  hole  with  the  velodty  «=  V'aTA,  and  u*  =  2#A  and 

h  =  -^.     It  is  abu  known  that  the  pressure  />  on  the 

orifice  o  is  foth,  =fo>  gr-  ^  j  )  o  u^ 

Now,  let  this  little  surface  o  be  supposed  to  move  witli 
the  velocity  v.  The  fluid  would  meet  it  with  the  velocity 
tt  +  v,  or  u  —  V,  according  as  it  moved  in  the-  oppo^te  or 
in  the  same  direction  with  the  efflux.  In  the  equation  p 
=  j  1 0  u*,  substitute  u  =^  v  for  u,  and  we  have  the  pres- 
sure on  o  =p  =  -—■  (u^=vy,  =  -^  (V'2f  Art  v*). 

This  pressure  Is  a  weight,  that  is,  a  mass  of  matter  m 


*  There  ii  iDmething  ver^  iinaccaaii table  in  these  experiinentB. 
The  reutancei  ue  mudi  greater  thin  any  otfaci  author  lua  obsentd. 
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actuated  By  gravity  fy  or  p  =^  f  fii^  andmc=>ofjv^ 

'  ».•  Y 


ti.Tliis  elenientaxy  surface  being  umneraed  in  a  atagowt 
fluid,  aad  iooved  li^dyth  the  velocity  p,  will  smstaia  m  ^n$ 

mde  a  pressure ^6  (^ h+  ^ny  )  y  and  cm  the  otlier 

side  a  pressure  i  <r  f  iv^  A  -- --7===ry  ;  aind  the  senable 
xwiaofie  will  be  the  difference  of  these  two  pres^ure^ 

•  * 

whichis'^o  4  V^R    '  ^  '.  or 'o  4  4/&  5,  that  fa  '      1 — - 

because  v2f  =afc8;  a  quantity  which  is-  in  the  subdajdi^ 
cate  ratio  of  the  depth  under  the  surface  of  the  fluid,  and 
the.  umple  ratio  of  the  velocity  of  the  rented  surface 
jomtly. 

There  is  nothing  in  experimental  philosophy  more  cer- 
tain than  that  the  redstances  are  very  nearly  in  the  (dupli- 
cate ratio  <^  the  velocities ;  and  we  cannot  concdve  by  what 
experun^ts  the  ingenious  author  has  supported  this  bon-i> 
elusion. 

But  there  is,  beades,  what  appeafs  to  us  to  be  an  essen-* 
tial  defect  in  this  investigation.  The  equation  exUbits  no 
resbtance  in  the  case  of  a  fluid  without  we^tit  '•  Now  a 
thieory  of  the  resastanoe  of  fluids  shoiild  exhibit  the  retard- 
ation arimi^  froni  inertia  alone,  and  should  distinguish  it; 
ft6ai  that  arifltng  from  any  other  dause:  and  moreover, 
while  it  assigns  an  ultimatit  sensible  resistance  proporticiki- 
al  (cceUris  paribus)  to  the  simple  velocity,  it  assumes  as  a 
first  prindple  that  the  pressure  ^  is  as  w=t:»*.  It  also 
gives  a  false  measure  of  the  statical  pressures ;  for  these 
(iti  the  case  of  bofies  immersed  in  our  waters  at  least)  are 
idade  up  of  the  pressure  of  the  incumbent  water,  which  is 
measured  by  A,  and  the  pressure;  of  the  atmoqphere,  a  oon^ 
stant  quantity. 


^ 
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Whatever  reason  can  be  given  for  setling  out  with  the 
principle  that  the  pressure  on  the  UtUe  surface  o,  nioviDg 
with  the  velocity  u,  is  equal  to  J  '  o  (u:±:i')%  makes  it  in- 
diBpensably  necessary  to  take  for  the  velocity  u,  not  that 
with  which  water  would  issue  from  a  hole  whose  depth  un- 
der the  surface  is  h,  but  the  velocity  with  wliich  it  will  ia- 
sue  from  a  hole  whose  depth  is  A  +  33  feel.  Because  the 
pressure  of  the  atmosphere  is  equal  to  that  of  a  column  of 
water  33  feet  high  ;  for  this  is  the  acknowledged  velocity 
with  which  it  would  rush  into  the  void  left  by  the  body. 
If,  therefore,  this  velocity  (which  does  not  exist)  has  any 
•tiue  in  the  effi^  we  must  have  lor  tlie  fluxioD  of  fm- 

lore  not      . — ■.-,  but  ~7=^ —    •     ^hia   would,  not 

ooly  jive  presBun  or  renstonces  many  times  exceeding 
tboK  that  have  been  observed  in  our  experiments,  but 
would  alao  totally  change  the  proportions  whlcli  this  theory 
determines.  It  was  at  any  rate  improper  to  embarrass  an 
investigation,  already  very  intricate,  with  the  pressure  of 
gravity,  and  with  two  motions  of  efflux,  which  do  not  ex- 
ist, and  are  necessary  for  making  the  pressures  in  the  ra- 
tio of  u  +  V*  and  u— if*. 

Mr  Frooy  has  been  at  no  pains  to  inform  his  readers  of 
his  reasons  for  adopting  this  theory  of  reustance,  so  con- 
trary to  all  received  opinions,  and  to  the  most  distinct  ex- 
periments. Those  of  the  French  academy,  made  under 
greater  pressures,  gave  a  miich  smaller  resistance ;  and  the 
very  experiments  adduced  in  support  of  this  theory  are  ex- 
tremely deficient,  wandng  fully  one-third  of  what  the  theo- 
ry requires.  The  resbtances  by  experiment  were  15|  and 
26J,  and  the  theory  required  SO^  and  39.  The  equation, 
however,  deduced  from  the  theory  is  greatly  deficient  in 
the  expression  of  the  pressures  caused  by  the  accumula- 
tion and  depression,  stating  the  heights  of  them  as  =  -^y 
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They  can  never  be  so  high,  because  ihe  hei^)ed-ap  water 
flows  off  at  the  ades,  and  it  also  comes  in  behind  br  the 
sides;  so  that  the  pressure  is  mudi  less  than  half  the 

weight  of  a  column  whose  height  is  -^  ;  both  because  the 

accumulation  and  depression  are  less  at  the  sides  than  in 
the  middle,  and  because,  when  the  body  is  wholly  immers- 
ed, the  accumulation  is  greatly  diminished.  Indeed,  in  this 
case,  the  final  equation  does  not  include  thar  effects,  though 
as  real  in  this  case  as  when  part  of  the  body  is^above  water. 

Upon  the  whole,  we  are  somewhat  surprised  that  an  au- 
thor of  D'Ulloa's  eminence  should  have  adopted  a  theory 
so  unnecessanly  and  so  improperly  embarrassed  with  fo- 
reign circumstances,  and  that  Mr  Prony  should  have  in- 
serted it  with  the  explanation  by  which  he  was  to  abid^  in 
a  work  destined  for  practical  use.* 

This  point,  or  the  effect  of  deep  immersion',  is  still  much 
contested ;  and  it  is  a  received  opinion,  by  many  not  accus- 
tomed to  mathematical  researches,  that  the  resistance  is 
greater  in  greater  depths.  Thb  is  assumed  as  an  import- 
ant principle  by  Mr  Gordon,  author  of  a  Theory  qf  Naval 
Architecture ;  but  on  very  vague  and  slight  grounds :  and 
the  author  seems  unacquainted  with  the  manner  of  reason- 
ing on  such  subjects.     It  shall  be  considered  afterwards. 

With  these  corrections  it  may  be  asserted  that  theory 
and  experiment  agree  very  well  in  this  respect,  and  that 
resistance  may  be  asserted  to  be  in  the  duplicate  ratio  of 
the  velocity. 

We  have  been  more  minute  on  this  subject,  because  it  is 
the  leading  proposiUon  in  the  theory  of  the  action  of  fluids. 
Newton^s  demonstration  of  it  takes  no  nodce  of  the  manner 
in  which  the  various  particles  of  the  fluid  are  put  in  mo- 
tion, or  the  motion  which  each  in  particular  acquires.    He 


*  An  examinatioii  of  Dr  Robiwn's  olgectioDs  to  irUUot's  theory, 
by  Mr  Watts,  will  be  found  in  the  Edinburgh  PhikiojMMl  Journal, 
voL  IV.  p.  315.^Ed. 

VOL.  If,  U 
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only  shews,  that  if  there  be  nothing  cuQcerned  in  the  coni- 
munication  but  pure  inertia,  the  sum-lotal  of  the  motions 
of  the  particles,  estimated  in  the  direction  of  the  bodies  mo- 
tion, or  that  of  the  stream,  will  be  in  the  duplicate  ratio  of 
the  velocity.  It  was  therefore  of  importance  to  show  that 
this  part  of  the  theory  was  just.  To  do  tliia,  we  had  to 
consider  the  effect  of  every  circumstance  which  could  be 
combined  with  the  inertia  of  the  fluid.  All  these  had  been 
foreseen  by  that  great  man,  and  are  most  briefly,  though 
persfncuoudy,  mentioned  in  the  last  scholium  to  prop.  36. 
B.  II. 

8.  It  appears,  from  a  comparison  of  all  the  experimraits, 
that  the  impulses  and  resistances  are  very  nearly  in  the 
proportion  of  the  surlaees.  They  appear,  however,  to  in- 
crease somewhat  faaler  than  the  surfaces.  The  Chevalier 
Borda  found  that  the  resistance,  with  the  same  velocity,  to 
"  eof 

1.104,737  J  [81 

The  deviation  in  these  experiments  from  the  theory  in- 
creases with  the  surface,  and  is  probably  much  greater  in 
the  extenave  surfaces  of  the  sails  of  ships  and  wind-mills, 
and  the  hulls  of  ships. 

3.  The  resistances  do  by  no  means  vary  in  the  duplicate 
ntio  of  the  sines  of  the  angles  of  incidence. 

As  this  b  the  most  interesting  drcumstance,  having  a 
chief  influence  on  all  the  particular  modifications  of  the  re- 
dstance  of  fluids ;  and  as  on  this  depends  the  whole  theory 
of  the  construction  and  working  of  ships,  and  the  action  of 
water  on  our  most  important  machines,  and  seems  most  im- 
mediately connected  with  the  mechanism  of  fluids,  it  merits 
a  very  particular  consideration.  We  cannot  do  a  greater 
■ervice  than  by  rendering  more  generally  known  the  excel- 
lent expoiments  of  the  French  academy. 

Fifteen  boxe^  or  vesaeU  were  constructed,  which  were 
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two  feet  tnd^  two  feet  deep,  and  fiMir  feet  hog.  One 
of  tbem  was  a  parallelofuped  of  these  dnomnons;  tb* 
others  had  prows  of  a  wedge>form,  the  an^  ACS  (Plate 
IX.  Fig.  7  and  8.)  varjring  by  12  d^prees  firam  IV  to  180°; 
so  that  the  angle  of  inddence  increased  by  6"  from  one  to 
anotha.  These  boies  were  dragged  acroas  a.  very  large 
baon  of  smooth  water  (in  whidi  they  were  immersed  two 
feet)  by  means  of  a  line  passing  over  a  wheel'  comtectcd 
with  a  cylinder,  Smm  which  the  actuating  wdgbt  was  bus* 
pended.  The  motion  became  perfectly  uniform  aiter  a  very 
little  way ;  and  the  time  of  pasong  over  96  French  feet 
with  this  umform  motion  was  very  carefully  noted.  The 
refflstance  was  measured  by  the  wei^t  employed,  after  de> 
ducting  a  certain  quantity  (properly  estimated)  for  ftkstioa, 
and  for  the  accumulation  of  the  water  agunst  the  anterior 
surfiMe.  The  results  of  the  many  experiments  are  given  in 
the  following  table;  where  column  1st  contains  the  tatj^  of 
the  prow,  column  2d  oontuns  the  teastanoe  as  given  t^  the 
jnreceding  theory,  column  Sd  contains  the  renstance  exhi- 
Uted  in  the  experiments,  and  column  4th  contains  the  de- 
^nation  of  the  experiment  from  the  theory. 


I. 

180 

168 

156 

IM 

133 

120 

108 

96 

84 

78 

60 

48 

86 

84 

18 


II. 

10000 

9890 

9568. 

9045 

8346 

7500 

6545 

5528 

4478 

8455 

2500 

1654 

955 

432 

109 


III. 

10000 
9893 
9578 
9084 
8446 
7710 
6985 
6148 
5433 
4800 
4404 
4840 

,4140 
4063 
3999 


IV. 
0 

+3 
+10 

+39 

+100 

+210 

+380 

+685 

+955 

+1345 

+1904 

+8686 

+8187 

+3681 


age  BESISTAKCE  OF  FLUI] 

The  resistance  lo  1  square  foot,  French  n 
with  the  velocity  of  3,56  feet  per  second,  was  very  nearly 
7,625  pounds  French. 

Reducing  these  to  Engli^  measures,  we  liave  the  sur- 
face =  1,1363  feet,  the  velodty  of  the  motjon  equal  to 
S,7S63  feel  per  second,  and  the  resistance  equal  to  8,%S4 
pounds  avoirdupois.  The  weight  of  a  column  of  ireeh  wa- 
ter of  this  base,  and  having  for  its  height  the  fall  necessary 
for  communicating  this  velocity,  is  8,SC4  pounds  avoirdu- 
pois.  The  resistances  to  other  velocities  were  accurately 
[Hoportional  to  the  squares  of  the  velodties. 

There  is  great  diversity  in  the  value  which  different  au- 
thors have  deduced  for  the  absolute  resistance  of  water 
from  their  expeiiments.  In  the  value  now  given  nothing 
is  taken  into  account  but  the  inertia  of  the  water.  The 
accumulation  against  the  forepart  of  the  box  was  carefully 
noted,  and  the  statical  pressure  backwards,  arising  from 
this  cause,  was  subtracted  from  the  whole  resistance  to  the 
drag.  There  had  not  been  a  sufficient  variety  of  experi- 
ments for  discovering  the  share  which  tenacity  and  fricti«i 
produced ;  so  that  the  number  of  pounds  set  down  here 
may  be  oonmdered  as  somewhat  superior  to  the  mere  effects 
of  the  inertia  of  the  water.  We  think,  upon  the  whole, 
that  it  is  the  most  accurate  determination  yet  given  of  the 
naistance  to  a  body  in  motion ;  but  we  shall  afterwards  see 
FMBon  fw  believing,  that  the  impulse  of  a  runiung  stream 
having  the  same  velodty  is  somewhat  greater ;  and  this 
is  the  form  in  which  most  of  the  experiments  have  been 
made. 

Also  a^Berre,  that  the  resistance  here  ^ven  is  that  to  a 
venel  two  feet  broad  and  deep,  and  four  feet  kmg.  The 
nnstaBce  to  a  plane  of  two  feet  broad  and  deep  would  pro- 
bably have  exceeded  this  in  the  proportion  of  15,S2  lo 
14^  for  reasons  we  shall  see  afterwards. 

From  Um  experioKOts  of  Boot,  it  appears  that  a  body  of 
«ne  foatwCfUKt  Fttodb  measure,  and  two  feet  long,  having 


BXSI8TAK0E  OF  FLOUML  999 

its  eentre  15  inches  under  water,  moTing  three  French  feet 
per  seoMid,  sustained  a  pressure  of  14,64  French  pound% 
or  IC,6S  English.  This  reduced  in  the  prcportimi  of  9 
to  8,66*  gives  II948  pounds,  considemUy  exceeding  the 
8^84. 

Bouguer,  in  his  Mcmoewore  des  Yai$9emue^  sajs,  that  he 
found  the  reastanoe  of  sea-water  to  a  YvioGitf  of  on^  (bot 
to  he  SS  ounces  |widlt  dt$  Marc. 

Borda  found  the  resistance  of  sea-water  to  thefiweof  a 
cubic  foot,  moving  against  the  water  cme  foot  per  seooiM^ 
to  be  21  ounces  njsarlj.  But  this  experiment  is  compficst- 
ed :  the  wave  was  not  deducted ;  and  it  was  not  a  plane, 
but  a  cube.     • 

D^Ulloa  found  the  impulse  of  a  stream  of  sea-water,  ran- 
mng  two  feet  per  second  on.  a  fijot  square,  to  be  15;^  pounds 
English  measure.  This  gready  exceeds  all  the  values  given 
by  others. 

From  these  expenments  we  learn,  in  the  first  plaos^  that 
the  direct  resistance  to  a  motion  of  a  plane  surfiue  through 
water,  is  veiy  nearly  equal  to  the  weight  of  ia  column  of 
water  having  that  surface  for  its  base,  and  for  its  height 
the  fall  produdng  the  velodty  of  the  motion.  This  is  but 
one  half  of  the  resistance  determined  by  the  preceding 
theory.  It  agrees,  however,  very  well  with  the  best  ex- 
periments made  by  other  phDoeophers  on  bodies  totally 
immersed  or  surrounded  by  the  fluid;  and  sufficiently 
shews,  that  there  must  be  some  fallacy  in  the  principles  or 
reasoning  by  which  this  result  of  the  theory  is  supposed  to 
be  deduced.  We  shall  have  occasion  to  return  to  this 
again. 

But  we  see  that  the  effbcts  of  the  obliquity  of  incidence 
deviate  encvmously  hem  the  theory,  and  that  this  deviation 
increasesrapdlyas  thc^acuteness  of  the  [xow  increases.  In 
the  prow  of  60^  the  deviation  is  nearly  equal  to  the  whole 
resistance  pointed  out  by  the  theory,  and  in  the  prow  of 


fl9S  RESISTANCE  OK  FI.L'tDS, 

IS"  it  is  nearly  40  times  greater  tlian  the  Uieoretical  resist- 
ance. 

The  resistance  of  the  prow  of  90°  should  be  one-half  the 
resistance  of  the  base.  We  have  not  such  a  prow;  but  the 
meduim  between  the  resistance  of  the  prow  of  96  and  84 
is  3790,  instead  of  500, 

These  experiments  are  very  conform  to  those  of  other 
authors  on  plane  surfaces.  Robins  found  the  reMstance  of 
the  air  to  a  pyramid  of  +5",  with  its  ape%  foremost,  was  to 
that  of  its  base  as  1000  to  1411,  instead  of  one  to  two, 
Bovd«  faand  dx  renetmoe  of  a  cube,  noring  in  water  m 
tlw  (tiicctum  al  the  nde^  was  to  tbe  obliqne  reaatand^ 
when  it  was  moved  in  the  direetimt  of  the  dJagonal,  ifi  dw 
ptopurtion  of  S^  to  7 ;  wbcicaa  it  should  have  been  diat 
of«/8tol,  oro£10to7  ncarij.  He  also  fbtmd,  d»t  ■ 
vedgB  whole  angle  waa  90",  momngiDW!tga.vefarAiBjKO^ 
portioDof  the  renstsnces  of  tbe  edge  and  base  7S81 :  lOOOO, 
butead  of  5000:10000.  Also  when  the  angle  of  the  ««dge 
was  60^,  the  resiatanoes  of  the  edge  and  base  were  Si  «n3 
100,  instead  of  25  and  100. 

In  short,  in  all  the  cases  of  oblique  plane  surfaces,  tbe 
remstances  were  greater  than  those  which  are  as^ned  by 
the  theory.  Tbe  theoretical  law  agrees  tolerably  with  ob- 
servation in  large  angles  of  incidence,  that  is,  in  incidences 
not  differing  very  far  from  tbe  perpendicular ;  but  in  more 
acute  prows  the  resistances  are  ^lore  nearly  proportional 
to  the  sines  of  inddence  than  to  their  squares. 

The  academicians  deduced  from  these  experiments  an 
expresdon  of  the  general  value  of  the  resistance,  which  cor- 
responds tolerably  well  with  observation.  Thus  let  x  be 
the  complement  of  the  half  angle  of  the  prow,  and  let  P 
be  the  direct  pressure  or  resistance,  with  an  incidence  of 
Sty,  and  p  the  effective  oblique  pressure :  then  ^  =  P  x 

coane*  x  +  3,lfi3  ( ijo  )  '  This  gives  for  a  prow  of 

12"  an  emt  in  defect  about  ^ig,  and  in  larger  angles  it  is 
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much  nearer  the  truth ;  and  tins  is  exact  enough  for  any 
practice. 

This  is  an  abundantly  nmple  formula :  but  if  we  intro- 
dace  it  in  our  calculations  of  the  reustances  of  curvilineal 
prows,  it  renders  them  so  complicated  as  to  be  almost  use* 
less ;  and  what  is  worse,  when  the  calculation  is  compkted 
for  a  curvilineal  prow,  the  renstance  which  results  is  found 
to  differ  widely  firam  experiment  This  shows,  that  the 
motion  of  the  fluid  is  so  modified  by  the  action  of  the  most 
prominent  part  of  the  prow,  that  its  impulse  on  what  sue* 
ceeds  is  greatly  affected,  so  that  we  are  not  allowed  to  con- 
sider the  prow  as  composed  of  a  number  of  parts,  each  of 
which  is  affected  as  if  it  were  detached  from  all  the  rest. 

As  the  very  nature  of  naval  architecture  seems  to  reqiure 
curvilineal  forms,  in  order  to  give  the  necessary  strength, 
it  seemed  of  importance  to  examine  more  particularly  the- 
deviations  of  the  resistances  of  such  prows  from  the  re- 
sistances asfflgned  by  the  theory.  The  academicians,  there- 
fore, made  vessels  unth  prows  of  a  cylindrical  shape ;  one 
of  these  was  a  half  cylinder,  and  the  other  was  one*third  of 
a  cylinder,  both  having  the  same  breadth,  viz.  two  feet,  the 
same  depth,  also  two  feet,  and  the  same  length,  four  feet. 
The  resistance  of  the  half  cylinder  was  to  the  resistance  of 
the  perpendicular  prow  in  the  proportion  of  13  to  S5,  in- 
stead of  being  as  13  to  19,5.  Borda  found  nearly  the  same 
ratio  of  the  resistances  of  the  half  cylinder,  and  its  diame- 
trical plane  when  moved  in  air.  He  also  compared  the  re- 
actances of  two  prisms  or  wedges,  of  the  same  breadth  and 
height  The  first  had  its  sides  plane,  inclined  to  the  base 
in  angles  of  60^ ;  the  second  had  its  sides  portions  of  cy- 
linders, of  which  the  planes  were  the  chords,  that  is,  their 
sections  were  arches  of  drdes  of  60^  Thdr  reristances 
were  as  133  to  100,  instead  of  being  as  133  to  S20,  as  re- 
quired by  the  theory ;  and  as  the  resistance  of  the  first  was 
greater  in  proportion  to  that  of  the  base  than  the  theory 
allows,  the  resistance  of  the  last  was  less. 
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Mr  Bobine  found  the  reBisIanccof  asphcrctnovingui 
be  to  the  resistance  of  Ua  great  cirtle  aa  1  to  "i.^l ;  whereas 
thfiory  requires  them  to  be  as  1  to  2.  He  found,  at  the 
same  time,  that  the  absolute  resistance  was  greater  than  the 
weight  of  a.  cylinder  of  air  of  the  same  diameter,  and  having 
the  height  necessary  for  acquiring  the  velocity.  It  wu 
greater  in  the  proportion  of  49  to  40  nearly. 

Borda  found  tlie  resistance  of  the  sphere  moving  ta  wittf 
to  be  to  that  of  its  great  circle  as  1000  to  S506,  and  it  was 
one-iunlh  greater  than  the  weight  of  the  column  of  water 
whose  height  was  that  ncce^«ary  fur  producing  tbe  velocity. 
He  also  found  the  resistance  of  air  to  the  epherc  was  to  its 
resistance  to  itg  great  circle  as  J  to  S.45. 

It  appears,  on  the  whole,  that  the  tlieory  gives  the  re- 
ustonce  of  oblique  plane  surfaces  too  small,  and  that  of 
curved  surfaces  too  great ;  and  that  it  is  quite  unfit  for  a£- 
certainiug  the  modifications  of  resistance  arising  Sata  tbe 
figure  of  the  body.  The  most  prominent  part  of  the  prow 
changes  the  action  of  the  fluid  on  the  succeeding  parts, 
rendering  it  totally  diSerent  from  what  it  would  be  were' 
that  part  detached  &om  the  rest,  and  exposed  to  the  stream 
vrith  the  same  obliquity.  It  is  of  no  consequence,  thecfr 
fore,  to  deduce  any  ftmnula  from  the  valuable  eiqierimenti 
<^  the  French  academy.  The  experiments  themsdv^  are 
of  great  importance,  becauEe  they  give  us  the  impulses  on 
plane  surfaces  with  every  obliquity.  They  therefwe  put  it 
in  our  power  to  select  the  most  proper  obliquity  in  a  thou- 
sand impcntant  cases.  By  appealing  to  them,  we  can  t^ 
what  is  the  proper  angle  of  the  sul  for  producing  the 
greatest  impulse  in  tbe  direction  of  the  ship^s  course ;  or 
the  best  inclination  of  tbe  sail  of  a  wind-mill,  or  the  best 
inclination  of  the  float  of  a  water-wheel.  Sic.  &c.  These 
deductions  will  be  made  in  their  proper  places  in  the  course 
of  this  work.  We  see  also,  that  the  deviation  from  the 
umj^  theory  is  not  very  con^dcrablc  till  the  obliquity  a 
great ;  and  that,  in  the  inclinations  which  other  curcuma 
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flCaaoM  would  mdaoe  ut  to  gm  to  the  floats  of  wiit^^ 
the  Siik  of  wind-milLs  ^  ^  ^^9  ^  results  of  the 
dieoiy  ave  sufficiently  agreeable  to  eKperiment,  fiir  vender- 
iDg  ^m  theory  of  Teiy  great  use  m  the  ooostnietion  tS 
mabhiiies.  Its  great  defect  is  m  the  impulsions  on  corred 
sarfiues,  which  puts  a  stop  to  our  improfement  of  the 
science  of  naval  architecture,  and  the  working  of  ships. 

But  it  k  not  enough  to  detect  the  fiiultkof  the  thecny : 
we  should  try  to  anend  it,  or  to  substitute  another^  It  is 
a  pity  thait  so  muoh  ingenuity  should  hate  been  thrown 
away  in  the  apfdioation  of  a  theory  so  defective.  Math^ 
nmtidans  were  seduced,  as  has  been  already  observe^  by 
the  opportunity  which  it  gave  for  exerdsing  their  calculus, 
which  was  a  new  thing  at  the  time  of  puUishing  this  theou 
ry.  Newton  saw  clearly  die  defects  of  it,  and  makes  no 
use  of  any  part  of  it  in  his  subsequent  discimons,  and 
plainly  has  used  it  merely  as  an  intaroducdon,  in  order  to 
give  some  general  notions  in  a  subject  quite  new,  and  to 
give  a  demonstration  of  one  leading  trutfi,  vis.  the  propor- 
tionality of  the  impulsions  to  the  squares  of  the  velodties. 
While  we  profess  the  highest  respect  for  die  talents  and  la- 
bours of  the  great  mathematidans  who  have  followed  New- 
ton in  this  most  difficult  research,  we  cannot  hdp  being 
sorry  that  some  iji  the  greatest  of  them  continued  to  at- 
tadi  themsdves  to  a  theory  whidi  he  n^lected,  merely 
because  it  afforded  an  o[^rtunity  of  displaying  tiieSt  pro. 
found  knowledge  of  the  new  calculus,  of  which  they  were 
willing  to  ascribe  the  discovery  to  Leibnitz.  It  has  been 
in  a  great  measure  owii^  to  this,  that  we  have  been  so 
late  in  discovaing  our  ignorance  d  the  subject  Newton 
had  himself  pointed  out  all  the  defects  of  this  theory;  and 
he  set  himself  to  work  to  discover  another  which  should  be 
more  conformable  to  the  loature  cf  things,  retaining  only 
such  deductions  from  the  other  as  his  great  sagadty  assur- 
ed him  would  stand  the  lest  of  experiment  Even  in  this 
he  seems  to  have  been  mistaken  1^  his  fdbwers.    He  re- 
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tmned  the  proportionality  of  the  resistance  to  the  square  of 
the  velocity.  This  they  have  endeavoured  to  demonstrate 
in  a  manner  conformable  to  Newton^s  determination  of  the 
oUique  impulses  of  fluids;  and  under  the  cover  of  the 
agreement  of  this  proposiubn  with  experiment,  they  intro- 
duced into  mechanics  a  mode  of  expression,  and  even  of 
conception,  which  is  inconmstent  with  all  accurate  notions 
on  these  subjects.  Newton^s  proposition  was,  that  the  mo- 
tions communicated  to  the  fluid,  and  therefore  the  motions 
lost  by  the  body,  in  equal  times,  were  as  the  squares  of  the 
velocities ;  and  he  concdived  these  as  proper  measures  of 
the  resistances.  It  is  a  matter  of  experience,  that  the 
forces  or  pressures  by  which  a  body  must  be  supported  in 
opposition  to  the  impulses  of  fluids,  are  in  this  very  pro- 
portion. In  determining  the  proportion  of  the  direct  and 
oblique  resistances  of  plane  surfaces,  he  considers  the  re- 
sistances to  arise  from  mutual  collisions  of  the  surface  and 
fluid,  repeated  at  intervals  of  time  too  small  to  be  perceiv- 
ed. But,  in  making  this  comparison,  he  has  no  occasion 
whatever  to  consider  this  repetition ;  and  when  he  assigns 
the  proportion  between  the  resistance  of  a  cone  and  of  its 
base,  he,  in  fact,  assigns  the  proportion  between  two  si^ 
multan€Ous  and  instantaneous  impulses.  But  the  mathe- 
maticians who  followed  him  have  considered  Uiis  repetition 
as  equivalent  to  an  augmentatign  of  the  initial  or  first  im- 
pulse ;  and  in  this  way  have  attempted  to  demonstrate, 
that  the  resistances  are  as  the  squares  of  the  velocities. 
When  the  velocity  is  double,  each  impulse  is  double,  and 
the  number  in  a  given  time  is  double ;  therefore,  say  they, 
the  resistance,  and  the  force  whicli  will  withstand  it,  is  qua- 
druple ;  and  observation  confirms  their  deduction :  yet 
nothing  is  more  gratuitous  and  illogical.  It  is  very  true, 
that  the  resistance,  conceived  as  Newton  conceives  it,  the 
loss  of  motion  sustained  by  a  body  moving  in  the  fluid,  is 
quadruple ;  but  the  instantaneous  impulse,  and  the  force 
which  can  withstand  it,  is,  by  all  the  laws  of  mechanics, 
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only  double.  What  is  the  force  which  can  withstand  a 
double  impulse  ?  Nothing  but  a  double  impulse.  Nothing 
but  impulse  can  be  opposed  to  impulse ;  and  it  is  a  gross 
misconception  to  think  of  stating  any  kind  of  comparisoii 
between  impulse  and  pressure.  It  is  this  whidi  has  ffven 
rise  to  much  jargon  and  false  reasoning  about  the  fbroe 
of  percussion.  This  is  stated  as  infinitely  greats  than 
any  pressure,  and  as  equivalent  to  a  pressure  infinitely  re- 
peated. It  fbroed  the  abettors  of  these  doctrines  at  last  to 
deny  the  existence  of  all  pressures  whateTer,  and  to  assert, 
that  all  motion,  and  tendency  to  motion,  was  the  result  of 
impulse. 

In  consequence  of  the  many  objections  to  the  compari* 
son  of  pure  pressure  with  pure  percussion  or  impulse,  Jdm 
Bernoulli  and  others  were  obliged  at  last  to  assert,  that 
there  were  no  perfectly  hard  bodies  in  nature,  nor  could 
be,  but  that  all  bodies  were  elastic ;  and  that  in  the  com- 
munication of  motion  by  percussion,  the  velocities  of  both 
bodies  were  gradudOy  changed  by  their  mutual  elasticity 
acting  during  the  finite  but  imperceptible  time  of  the  coUi- 
non.  This  was^  in  fact,  giving  up  the  whole  argument, 
and  banishing  percussion,  while  their  aim  was  to  get  rid 
of  pressure.  For  what  is  elasticity  but  a  pressure .'  and 
bow  shall  U  be  produced  ?  To  act  in  this  instance,  must  it 
arise  from  a  still  smaller  impulse  ?  But  this  will  require 
another  dasticity,  and  so  on  without  end. 

These  are  all  legitimate  consequences  of  this  attempt  to 
state  a  comparison  between  .percussi(Hi  and  pressure.  Num- 
berless experiments  have  been  made  to  confirm  th^  state* 
ment.  But  nothing  aflS^rds  so  specious  an  argument  as 
the  expierimented  proportionaUty  of  the  impulse  of  fluids 
to  the  square  of  the  velocity.  Here  is  every  appearance 
of  the  accumulation  of  an  infinity  of  minute  impulses,  in 
the  known  ratio  of  the  velocity,  each  to  each,  producing 
pressures  which  are  in  the  ratio  of  the  squares  of  the  velo- 
citjeSi 
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Tiie  pressures  are  observed ;  but  the  impulses  or  p«v 
cussions,  whose  accumulation  produces  these  pressures,  are 
only  supposed.  The  rare  fluid,  introduced  by  Newton  for 
the  purpose  already  mentioned,  either  does  not  exist  in  na- 
ture, or  does  not  act  in  the  manner  we  have  said,  the  par- 
ticles making  their  impulse,  and  then  esci^ing  throu^ 
among  the  rest  without  affecting  their  motion.  We  can. 
not  indeed  my  what  may  be  tlie  proportion  between  the 
diameter  and  the  distance  of  the  particles.  The  first  may 
be  incouiparabiy  smaller  than  the  second,  even  in  mercury, 
the  densest  fluid  which  we  are  familiarly  acquunted  with; 
but  although  they  do  not  touch  each  other,  tliey  act  neffl"- 
ly  as  if  they  did,  in  consequence  of  their  mutual  attrac- 
tions and  repulsions.  We  have  seen  air  a  thousand  timea 
rarer  in  some  expeiiments  than  in  others,  and  therefore  the 
distance  of  the  particles  at  least  ten  times  greater  than  their 
diameters;  and  yet,  in  this  rare  state,  it  propagates  all 
pressures  or  impulses  made  on  any  part  of  it  to  a  great 
distance,  almost  in  an  instant.  It  cannot  be,  therefore,  that 
fluids  act  on  bodies  by  impulse.  It  is  very  possible  to  am- 
cave  a  fluid  advandng  with  a  flat  surface  against  the  flat 
surface  of  a  solid.  The  very  first  and  superficial  particles 
may  make  an  impube ;  and  if  they  were  annihilated,  the 
next  might  do  the  same :  and  if  the  velocity  were  double, 
these  impulses  would  be  double,  aild  would  be  withstood 
by  a  double  force,  and  not  a  quadruple,  as  is  observed : 
and  this  very  orcumstance,  that  a  quadruple  force  is  neces- 
sary, should  have  made  us  conclude  that  it  was  not  to  im< 
pulse  that  this  force  was  opposed.  The  first  particles  hav- 
ing  made  their  stroke,  and  not  being  annihilated,  must 
escape  laterally.  In  their  escaping,  they  effectually  pre- 
vent every  farther  impulse,  because  they  come  in  the  way 
of  those  filaments  which  would  have  struck  the  body.  The 
whole  process  seems  to  be  somewhat  as  follows: 

When  the  flat  surface  of  the  fluid  has  come  into  conUct 
with  the  plane  surface  AB  (Plate  IX.  Fig.  6.)  perpendi- 
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cular  to  the  direction  DC  of  their  motion,  they  must  de- 
flect to  both  sides  equally,  and  in  equal  portions,  because 
no  reason  can  be  assigned  why  more  should  go  to  either 
ade.  By  this  means  the  filament  EF,  which  would  have 
struck  the  surface  in  6,  is  deflected  hefbre  U  arrives  ai  the 
surface,  and  describes  a  curved  path  EFIHE,  continuing  its 
rectilineal  motion  to  I,  where  it  is  intercepted  by  a  filament 
immediately  adjoining  to  EF,  on  the  side  of  the  middle 
filament  DC.  The  difierent  particles  of  DC  may  be  sup- 
posed to  impinge  in  succession  at  C,  and  to  be  deflected  at 
light  angles;  and,  glidilig  along  CB,  to  escape  at  B. 
Each  filament  in  succesaon,  outwards  from  DC,  b  deflect- 
ed in  its  turn ;  and  b^g  hindered  from  even  touching  the 
surface  CB,  it  glides  off  in  a  direction  parallel  to  it ;  and 
thus  EF  is  deflected  in  I,  moves  parallel  to  CB  from  I  to 
H,  and  b  again  deflected  at  right  angles,  and  describes 
HE  parallel  to  DC.  The  same  thing  may  be  supposed  to 
happen  on  the  other  side  of  DC. 

And  thus  it  would  appear,  that  except  two  filaments  im<- 
mediately  adjcnning  to  the  line  DC,  which  besects  the  sur- 
ftoe  at  right  angles,  no  part  of  the  fluid  makes  any  im» 
pulse  on  the  surface  AB.  All  the  other  filaments  are  mere- 
ly pressed  against  it  by  the  lateral  filaments  without  them, 
which  they  turn  a^de,  and  prevent  from  striking  the  sur- 
fiuse. 

In  like  manner,  when  the  fluid  strikes  the  edge  of  a 
prism  or  wedge  ACB  (Plate  IX.  Fig.  7.)  it  cannot  be  said 
that  any  real  impulse  b  made.  Nothing  hinders  us  from 
suj^sing  C  a  mathematical  angle  or  indivinble  pmnt,  not 
susceptible  of  any  impulse,  and  serving  merely  to  divide  the 
stream.  Each  filament  EF  is  effectually  prevented  Stom 
impin^ng  at  G  in  the  line  of  its  direction,  and  with  the  ob- 
liquity  of  incidence  EGC,  by  the  filaments  between  EF 
and  DC,  which  gUde  along  the  surface  CA ;  and  it  may 
be  supposed  to  be  deflected  when  it  comes  to  the  Une  CF 
which  besects  the  angle  DC  A,  and  again  deflected  and  ren-< 
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dernl  parallel  to  DC  at  I.  The  same  Uibg  happens  on 
tlie  other  side  of  DC ;  and  we  cannot  in  this  case  assert 
that  tliere  is  any  impulse. 

We  now  see  plainly  how  the  ordinai-y  theory  must  be 
totally  unlit  for  furnishing  principles  of  naval  architecture, 
even  although  a  formula  could  be  deduced  from  such  &  se- 
ries of  experiments  as  those  of  tlie  French  acaiiemy.  Al- 
though we  should  know  precisely  the  impulse  of  the  fluid 
on  a  surface  GL  (Fig-  8.)  of  any  ohiiqulty,  when  it  is  alone, 
detached  from  all  others,  we  cannot  in  the  smallest  degree 
ttll  what  will  be  the  action  of  part  of  a  stream  of  fluid  ad- 
vancing towards  it,  with  the  same  obliquily,  when  it  is  pre- 
ceded by  an  adjoining  surtace  CG,  having  a  diOerent 
chnation;  for  the  fluid  will  not  glide  along  GL  in  the  ssmi 
manner  as  if  it  made  part  of  a  more  extensive  surface  hav. 
ing  the  same  inclination.  The  previous  deflections  are  ex- 
tremely different  in  these  two  cases ;  and  the  previous  de- 
flections are  the  only  changes  which  wc  can  observe  in  the 
motions  of  the  fluid,  and  the  only  causes  of  that  pressure 
which  we  observe  the  body  to  sustain,  and  which  we  call 
the  impulse  on  it  This  theory  must,  therefore,  be  quite 
unfit  fw  ascertaining  the  action  on  a  curved  surface,  which 
may  be  considered  as  made  up  of  an  indefinite  number  of 
planes. 

We  now  see  how  it  happens  that  the  action  of  fluids  on 
solid  bodies  may  and  must  be  opposed  by  pressures,  and 
may  be  compared  with,  and  measured  by,  the  {treasure  of 
gravity.  We  are  not  comparing  forces  of  different  kinds, 
percussions  with  pressures,  but  pressures  with  each  other. 
Let  us  see  whether  this  view  of  the  subject  will  afford  us 
any  method  of  comparison  or  absolute  measurement. 

When  a  filament  of  fluid,  that  is,  a  row  of  corpuscles, 
are  turned  out  of  their  course  EF  (Fig.  C.)  and  made  to 
take  another  course  IH,  force  is  required  to  produce  this 
obange  of  direction.  The  filament  is  prevented  from  pro- 
neding  by  other  filaments  which  lie  between  it  and  the 
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body,  and  which  deflected  it  in  the  same  manner  as  it  were 
contained  in  a  bended  tube,  and  it  will  press  on  the  con- 
cave filament  next  to  it  as  it  would  press  on  the  concave 
side  of  the  tube.  Suppose  such  a  bended  tube  ABE  (Fig. 
9.)  and  that  a  ball  A  is  projected  along  it  with  any  velo- 
city, and  moves  in  it  without  any  friction,  it  is  demonstrat- 
ed, in  elementary  mechanics,  that  the  ball  will  move  with 
undiminished  velocity,  and  will  press  on  every  point,  such 
as  B,  of  the  concave  side  of  the  tube,  in  a  direction  BF 
perpendicular  to  the  plane  CBD,  which  touches  the  tube 
in  the  point  B.  This  pressure  on  the  adjoining  filament, 
on  the  concave  aide  of  its  path,  must  be  withstood  by  that 
filament  winch  deflects  it;  and  it  must  be  propagated 
across  that  filament  to  the  next,  and  thus  augment  the 
pressure  upon  that  next  filament  already  pressed  by  the 
deflection  of  the  intermediate  filament,  and  thus  there  is  a 
pressure  towards  the  middle  filament,  and  towards  the  body, 
arising  from  the  deflection  of  all  the  outer  filaments ;  and 
their  accumulated  sum  must  be  conceived  as  immediately 
exerted  on  the  middle  filaments  and  on  the  body,  because 
a  perfect  fluid  transmits  every  pressure  undiminished. 

The  pressure  BF  is  equivalent  to  the  two  BH,  B6,  one 
of  which  is  perpendicular  and  the  other  parallel,  to  the  di- 
rection of  the  original  motion.  By  the  first,  (taken  in  any 
point  of  the  curvilineal  motion  of  any  filament)  the  two 
halves  of  the  stream  are  pressed  together :  and  in  the  case- 
of  Fig  6.  and  7.,  exactly  balance  each  other.  But  the 
pressures,  such  as  BG,  must  be  ultimately  withstood  by  the 
surface  ACB  ;  and  it  is  by  these  accumulated  pressures 
that  the  solid  body  is  urged  down  the  stream :  and  it  is 
these  accumulated  pressures  which  we  observe  and  mea- 
sure in  our  experiments.  We  shall  anticipate  a  little,  and 
say  that  it  is  most  easily  demonstrated,  that  when  a  ball 
A  (Fig.  9-)  moves  with  undiminished  velocity  in  a  tube  so 
incurvated  that  its  axis  at  £  is  at  right  angles  to  its  axis 
at  A,  the  accumulated  action  of  the  pressures,  such  as 
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BG,  taken  for  every  point  of  the  path,  is  pteciadjr  equal  to 
the  force  which  would  produce  or  ertinguiah  die  cngnA 
motion. 

This  being  the  case,  it  fi>UowB  most  obvioofy ,  diat  if 
the  two  motions  of  the  filaments  axe  such  ^^  we  bare  de* 
scribed  and  lepreaeikted  by  Fig.  6.,  the  whole  pteawmi  in 
the  direction  of  the  stream,  that  is,  the  whole  ppiMsmi.  wlueh 
can  be  observed  on  the  surfiMse,  is  equal  to  the  wdgbt  of 
a  column  of  fluid  hanng  the  surfiMX  for  its  base,  and  twise 
the  fall  productive  of  the  velodfy  for  its  height,  pticisely 
as  Newton  deduced  it  from  other  coondeiatioiia ;  and  it 
seems  to  make  no  odds  whether  the  fluid  be  daatic  or  uaa* 
lastic,  if  the  deflections  and  velocities  are  the  same.  Nov 
it  is  a  fict,  that  no  difierence  in  thb  respect  can  be  obsBrv* 
edin  theactionsof  air  and  water;  and  this  had  always^ 
peared  a  great  defect  in  Newton^s  theory ;  but  it  was  atij 
a  defiBCt  of  the  theory  attributed  to  him.  But  it  is  also 
true,  that  the  observed  action  is  but  one-half  of  what  is  just 
now  deduced  from  this  improved  view  of  the  sriyati 
Whence  arises  this  difierence  ?  The  reascm  is  this :  We 
have  given  a  very  erroneous  account  of  the  motions  of  the 
filaments.  A  filament  £F  does  not  move  as  represented  in 
Fig.  6.  with  two  rectangular  infiections  at  I  and  at  H,  and 
a  path  IH  between  them  parallel  to  CB.  The  process  of 
nature  is  more  like  what  is  represented  in  Fig.  10.  It  u 
obtervedy  that  at  the  anterior  part  of  the  body  AB,  there 
remains  a  quantity  of  fluid  ADB,  almost,  if  not  altogether, 
stagnant,  of  a  angular  shape,  having  two  curved  concave 
sides  A  a  D,  B  6  D,  along  which  the  middle  filaments  glide. 
This  fiuid  is  very  slowly  changed.  The  late  Sir  Charles 
Sjiowles  made  many  experiments  for  ascertaining  the  paths 
of  the  filaments  of  water.  At  a  distance  up  the  stream,  he 
allowed  small  jets  of  a  coloured  fluid,  which  did  not  mix 
with  water,  to  make  part  of  the  stream  ;  and  die  experi- 
ments were  made  in  trou^s  with  sides  and  bottom  of  plat^- 
glass.     A  small  taper  was  placed  at  a  ocmsiderable  he^t 
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BbovCf  by  which  the  shadows  of  the  coloured  filaments  were 
most  distinctly  projected  on  a  white  plane  held  below  the 
trough)  so  that  they  were  accurately  drawn  with  a  penciL 

The  still  water  ADC  lasted  for  a  long  while  before  it  was 
renewed;  and  it  seemed  to  be  gradually  wasted  by  abra- 
sion, by  the  adhesion  of  the  surrounding  water,  which  gra- 
dually licked  away  the  outer  parts  from  D  to  A  and  B ; 
and  it  seemed  to  renew  itself  in  the  direction  CD,  oppomte 
to  the  motion  of  the  stream.  There  was,  however,  a  consi- 
derable intricacy  and  eddy  in  this  motion.  Some  (seemingly 
superficial)*  water  was  continually,  but  slowly,  flowing  out- 
ward from  the  line  DC,  while  other  water  was  seen  within 
and  below  it,  coming  inwards  and  gcnng  backwards. 

The  coloured  lateral  filaments  were  most  constant  in  their 
form,  while  the  body  was  the  same,  although  the  velodty 
was  in  some  cases  quadrupled.  Any  change  which  thb 
produced  seemed  confined  to  the  superficial  filaments. 

As  the  filaments  were  deflected,  they  were  also  constipat- 
ed, that  is,  the  curved  parts  of  the  filaments  were  nearer 
each  other  than  the  parallel  straight  filaments  up  the  stream,, 
and  this  constipation  was  more  consdderable  as  the  prow 
was  more  obtuse,  and  the  deflection  greater. 

The  inner  filaments  were  ultimately  more  defiected  than 
those  without  them  ;  that  is,  if  a  line  be  drawn  touching 
the  curve  EFIH  in  the  point  H  of  contrary  flexure,  where 
the  concavity  begins  to  be  on  the  mde  next  the  body,  the 
angle  HKC,  contained  between  the  axis  and  this  tangent 
line,  is  so  much  the  greater  as  the  filament  is  nearer  the 
axis. 

When  the  body  exposed  to  the  stream  was  a  box  of  up- 
right sides,  flat  bottom,  and  angular  prow,  like  a  wedge, 
having  its  edge  also.tipright,  the  filaments  were  not  all  de- 
flected laterally,  as  tiieory  would  make  us  expect;  but  the 
filaments  near  the  bottom  were  also  deflected  downwards  as 
well  as  laterally,  and  glided  along  at  some  distance  under 
the  bottom,  fwming  lines  of  douUc  ourvatu^. 
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The  breadth  of  the  stream  that  was  deflected  was  itiudi 
greater  than  that  of  the  body ;  and  the  sensible  deflectkm 
begun  at  a  cchsiderable  distance  up  the  stream,  eqpedalljr 
in  the  outer  filaments. 

Lastly,  the  form  of  the  curves  was  greatly  influenced  by 
the  proportion  between  the  width  of  the  trough  and  that  of 
the  body.  The  curvature  was  always  less  when  the  trough 
was  very  widp  in  proportion  to  the  body. 

Great  varieties  were  also  observed  in  the  motion  or  velo- 
city of  the  filaments.  In  general,  the  filaments  increased 
in  velocity  outwards  from  the  body  to  a  certain  small  dis- 
tance, which  was  nearly  the  same  in  all  cases,  and  then  di» 
minished  all  the  way  outward.  This  was  observed  by  ine- 
qualities in  the  colour  of  the  filaments,  by  which  one  could 
be  observed  to  outstrip  another.  The  retardation  of  those 
next  the  body  seemed  to  proceed  from  friction  ;  and  it  was 
imagined  that  without  this  the  velocity  there  would  always 
have  been  greatest 

These  observations  give  us  considerable  information  re- 
specting the  mechanism  of  these  motions,  and  the  action  of 
fluids  upon  solids.  The  pressure  in  the  duplicate  ratio  of 
the  velocities  comes  here  again  into  view.  We  found,  that 
^although  the  velocities  were  very  different,  the  curves  were 
precisely  the  same.  Now  the  observed  pressures  arise  from 
the  transverse  forces  by  which  each  particle  of  a  filament 
is  retained  in  its  curvilineal  path  ;  and  we  know  that  the 
force  by  which  a  body  is  retained  in  any  curve  is  directly 
as  the  square  of  the  velocity,  and  inversely  as  the  radius  of 
curvature.  The  curvature,  therefore,  remaining  the  same, 
the  transverse  forces,  and  consequently  the  pressure  on  the 
body,  must  be  as  the  square  of  the  velocity  :  and,  on  the 
other  hand,  we  can  see  pretty  clearly  (iodeed  it  is  rigorous- 
ly demonstrated  by  D'Alembert),  that  whatever  be  the  ve- 
locities, the  curves  will  be  the  same.  For  it  is  known  in 
hydraulics,  that  it  requires  a  fourfold  or  ninefold  pressure 
to  produce  a  double  or  triple  velocity.    And  as  all  pres. 
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Buree  are  propagated  through  a  perfect  fluid  without  dimi* 
imtioiiy  this  fourfold  pressure,  while  it  produoea  a  double 
velocity,  preduoes  also  fourfold  transverse  pressures,  which 
will  retain  the  parUcles,  moving  twice  as  fast,  in  the  same 
curvilineal  paths*.  And  thus  we  see  that  the  impulses,  as 
they  are  called,  and  resistances  of  fluids,  have  a  certaui  xe^ 
lation  to  the  weight  of  a  column  of  fluid,  whose  height  is 
the  height  necessary  for  produdng  the  velodty.  How  it 
happens  that  a  plane  surface,  immersed  in  an  extended 
fluid,  sustains  just  half  the  pressure  which  it  would  have 
sustained  had  the  motions  been  such  as  are  sketched  in 
Fig.  6th,  is  a  matter  of  more  curious  and  difficult  investi- 
{(atioD.  But  we  see  evidendy  that  the  pressure  must  be 
less  than  what  is  there  asagned ;  for  the  stagnant  water 
a-head  of  the  body  greatly  diminishes  'the  ultimate  deflec- 
tions of  the  filaments :  And  it  may  be  demonstrated,  that 
when  the  part  BE  of  the  canal.  Fig.  9.  is  inclined  to  the. 
part  AB  in  an  angle  less  than  90^,  the  pressmes  BG  along 
the  whole  canal  are  as  the  versed  sine  of  the  ultimata  angle 
of  deflection,  or  the  versed  sine  of  the  angle  whiqSi  the  part 
BE  makes  with  the  part  AB.  Therefore,  ^nce  the  deflec- 
tions resemble  more  the  sketch  given  in  Fig.  10,  the  accu* 
mulated  sum  of  all  these  forces  BG  of  Fig.  9.  must  be  less 
than  the  similar  sum  corresponding  to  Fig.  6.  that  is,  less 
than  the  weight  of  the  column  of  fluid  having  twice  the 
productive  height  for  its  height  How  it  is  just  one-half 
diall  be  our  next  inquiry. 

And  here  we  must  return  to  the  labours  of  Newton. 
After  many  beautiful  observations  on  the  nature  and  me- 
chanism of  continued  fluids,  he  says,  that  the  resistance 
which  they  occasion  is  but  one-half  of  that  occasioned  by 
the  rare  fluid  which  had  been  the  subject  of  his  former  pro- 
position ;  <<  which  truth,^  says  he,  <^  I  shall  endeavour  to 
show.'" 

He  then  enters  into  another,  as  novel  and  as  difficult  an 
investigation,  viz.  the  laws  of  hydraulics,  and  endeavours 
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to  ascertain  the  motion  of  fluids  through  orifices  when  urg- 
ed by  pressures  of  any  kmd.  He  endeavours  to  ascertain 
the  velocity  with  which  a  fluid  escapes  through  ahoiiaontal 
onficein  the  bottom  of  a  vessel,  by  the  action  of  its  wei^t, 
and  the  pressure  which  this  vein  of  fluid  will  exeft  on  a 
little  drde  which  occupies  part  of  the  orifice.  To  obtain 
this,  he  employs  a  kind  of  approximation  and  trials  of 
whidi  it  would  be  extremely  difficult  to  give  an  extract; 
and  then,  by  increasing  the  diameter  of  the  vessel  and  of 
the  hole  to  infinity,  he  accommodates  his  reasoning  to  the 
case  of  a  plane  surface  exposed  to  an  indefinitely  extended 
stream  of  fluid ;  and,  lastly,  giving  to  the  little  circular 
surface  the  motion  which  he  had  before  ascribed  to  the 
fluid,  he  says,  that  the  resistance  to  a  plane  surface  moving 
through  an  unelastic  continuous  fluid,  is  equal  to  the  weight 
of  a  column  of  the  fluid  whose  weight  is  one-half  of  that 
necessary  for  acquiring  the  velocity  ;  and  he  says,  that  the 
resistance  of  a  globe  is,  in  this  case,  the  same  with  that  of  a 
cylinder  of  the  same  diameter.  The  resistance,  therefore, 
of  the  cylinder  or  circle  is  four  times  less,  and  that  of  the 
globe  is  twice  less  than  their  resistances  on  a  rare  elastic 
medium. 

But  this  determination,  though  founded  on  principles  or 
assumptions,  which  are  much  nearer  to  the  real  state  of 
things,  is  liable  to  great  objections.  It  depends  on  his 
method  for  ascertaining  the  velocity  of  the  issuing  fluid ;  a 
method  extremely  ingenious,  but  defective.  The  cataract, 
which  he  supposes,  cannot  exist  as  he  supposes,  descending 
by  the  full  action  of  gravity,  and  surrounded  by  a  funnel 
of  stagnant  fluid.  For,  in  such  circumstances,  there  is  no- 
tiiing  to  balance  the  hydrostatical  pressure  of  this  surround- 
ing fluid ;  because  the  whole  pressure  of  this  central  cata- 
ract is  employed  in  producing  its  own  descent.  In  the 
next  place,  the  pressure  which  he  determines  is  beyond  all 
doubt  only  half  of  what  is  observed  on  a  plane  surface  in 
all  our  experiments.     And,  in  the  third  place,  it  is  repug- 
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nant  to  all  our  experience,  that  the  resistance  of  a  globe  or 
of  a  pdbted  body  is  as  great^as  that  of  its  circular,  baseu 
His  reasons  are  by  no  means  convincing.  He  supposes 
them  placed  in  a  tube  or  canal ;  and  nnce  they  are  sup- 
posed of  the  same  diameter,  and  therefore  leave  equal 
spaces  at  their  sides,  he  concludes,  that  because  the  water 
escapes  by  thdr  sides  with  the  same  velodty,  they  will 
have  the  same  renstance.  But  this  is  by  no  means  a  ne- 
cessary consequence.  Even  if  the  watex  should  be  allowed 
to  exert  equal  pressures  on  them,  the  pressures  being  per- 
pendicular to  their  surfaces,  and  these  surfaces  b^ng  in« 
clined  to  the  axis,  while  in  the  case  of  the  base  of  a  qrlin- 
der  it  is  in  the  direction  of  the  axis,  there  must  be  a  differ- 
ence  in  the  accumulated  or  compound  pressure  in  the  di- 
rection of  the  axis.  He  indeed  says,  that  in  the  case  of  the 
cylinder  or  the  circle  obstructing  the  canal,  a  quantity  oi 
water  remains  stagnant  on  its  upper  surface,  viz.  all  the 
water  whose  motion  would  not  contribute  to  the  most  ready 
passage  of  the  fluid  between  the  cylinder  and  the  sides  of. 
the  canal  or  tube ;  and  that  this  water  may  be  considered 
as  frozen.  If  this  be  the  case,  it  is  indifferent  what  is  the 
form  of  the  body  that  is  covered  with  this  mass  of  frosen 
or  stagnant  water.  It  may  be  a  hemisphere  or  a  cone ; 
the  resistance  will  be  the  same.  But  Newton  by  no  means 
assigns,,  either  with  predsion  or  with  distinct  evidence^ 
the  form  and  magnitude  of  this  standing  water,  so  as  to 
give  confidence  in  the  results.  He  contents  himself  with 
saying,  that  it  is  that  water  whose  motion  is  not  neces- 
sary or  cannot  contribute  to  the  most  easy  passage  of  the 
water. 

There  remun,  therefore,  many  imperfections  in  this 
theory.  But  notwithstanding  these  defects,  we  cannot  but 
admire  the  efforts  and  sagacity  of  this  great  philosopher, 
who,  after  having  discovered  so  many  sublime  truths  of 
a  mechanical  nature,  ventured  to  trace  out  a  path  for  the 
solution  of  a  problem  which  no  person  had  'jeX.  sdsXeisc^X^ 
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to  bring  within  the  range  of  mathematicail  investigation; 
And  this  solution,  though  inaccurate,  shines  iliioughout 
with  that  inventive  genius,  and  that  fertility  of  resource, 
which  no  man  ever  possessed  in  so  eminent  a  degree. 

Those  who  have  attacked  the  solution  of  Sir  Isaac  New- 
ton have  not  been  more  successful  Most  of  them,  instead 
of  principles,  have  given  a  great  deal  of  calculus ;  and  the 
chief  merit  which  any  of  them  can  claim,  is  that  of  having 
deduced  some  single  proposition  which  happens  to  quad- 
rate  with  some  single  case  of  experiment,  while  thdir  gene- 
ral theories  are  either  inapplicable,  from  difficulty  and  ob- 
scurity, or  are  discordant  with  more  general  observation. 

We  must,  however,  except  from  this  number  Daniel 
Bernoulli,  who  was  not  only  a  great  geometer,  but  one  of 
the  first  philosophers  of  the  age.  He  possessed  all  the 
talents,  and  was  free  from  the  faults  of  that  celebrated 
family ;  and  while  he  was  the  mathematician  of  Europe 
who  penetrated  farthest  in  the  investigation  of  this  great 
problem,  he  was  the  only  person  who  felt,  or  at  least  who 
acknowledged,  its  great  difficulty. 

In  the  2d  volunie  of  the  Comment,  PdropoL  1727,  he 
proposes  a  formula  for  the  resistance  of  fluids,  deduced 
from  considerations  quite  different  from  those  on  which 
Newton  founded  his  solution.  But  ho  delivers  it  with  mo- 
dest diffidence,  because  he  found  that  it  gave  a  resistance 
four  times  greater  than  experiment.  In  the  same  disserta- 
tion he  determines  the  resistance  of  a  sphere  to  be  one-half 
of  that  of  its  great  circle.  But  in  his  subsequent  theory  of 
Hydrodynamics,  he  calls  this  determination  in  question. 
It  is  indeed  founded  on  the  same  hypothetical  principles 
which  have  been  unskilfully  detached  from  the  rest  of  New- 
ton's physics,  and  made  the  ground-work  of  all  the  subse- 
quent theories  on  this  subject. 

In  1741,  BernoulU  published  another  dissertation  (in  the 
8th  volume  of  the  Com,  PetropoL)  on  the  action  and  resist- 
ance of  fluids,  limited  to  a  very  particular  case  ;  namely,  to 
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the  impcdae  of  a  ran  of  fluid  fklliDg  perpendicularly  on  an 
infinitely  extended  plane  surface.  Tlui  be  demonstrates 
to  be  equal  to  the  weight  of  a  column  of  the  fluid  whose 
base  is  the  area  of  the  vein,  and  whose  height  is  twice  the 
fall  producing  the  velocity.  This  demonstration  is  drawn 
from  the  true  principles  of  mechanics  and  the  acknowledg- 
ed laws  of  hydraulics,  and  may  be  received  as  a  strict  phy- 
sical demonstration.  As  it  is  the  only  proposition  in  the 
whde  theory  that  has  as  yet  received  a  demonstration  ac- 
cessible to  readers  not  versant  in  all  the  refinement  of  mo- 
dem analyus ;  and  as  the  principles  on  which  it  proceeds 
will  undoubtedly  lead  to  a  solu^n  of  every  problem  which 
can  be  proposed,  once  that  our  mathematical  knowledge 
shall  enable  us  to  apply  them— we  think  it  our  duty  to 
give  it  in  this  place,  although  wc  must  acknowledge,  that 
this  problem  is  so  very  limited,  that  it  will  hardly  bear  an 
application  to  any  case  that  differs  but  a  little  from  the  ex- 
press conditions  of  the  problem.  There  do  occur  cases, 
however,  in  practice,  where  it  may  be  applied  to  very  great 
advantage. 

Daniel  Bernoulli  gives  two  demonstrations ;  one  of  which 
may  be  called  a  popular  one,  and  the  other  is  more  scien- 
tific and  introductory  to  further  investigatioh.  We  shall 
give  both. 

Bernoulli  first  determines  the  whole  action  exerted  in  the 
efflux  of  the  vein  of  fluid.  Suppose  the  velocity  of  efflux 
V  is  that  which  would  be  acquired  by  falling  through  the 
height  A.  It  is  well  known  that  a  body  moving  during  the 
rime  of  this  fall'  with  the  velocity  v  would  describe  a  space 
2  A.  The  effect,  therefore,  of  the  hydraulic  action  is,  that 
in  the  time  t  of  the  fall  /i,  there  issues  a  cylinder  or  prism 
of  water  whose  base  is  the  cross  section  s  or  area  of  the  vein, 
and  whose  length  is  2  h.  And  this  quantity  of  matter  is 
now  ipoving  with  the  velocity  v.  The  quantity  of  motion, 
therefore,  which  is  thus  produced  is  %shv\  and  this  quan- 
tity of  motion  is  produced  in  the  time  t     And  this  is  the 
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arcmnnlatfid  efiSect  of  all  the  expeUing  fioroeSi  ewrimaM  ia 
the  direction  of  the  efflux.  Now,  to  compare  this  with  Ihe 
exertion  of  some  pressing  power  with  which  we  avefiuniliar- 
Ij  acquainted,  let  us  suppose  this  pillar  2«  A  to  be  fioien, 
and,  being  held  in  the  hand,  to  be  droiq)ed.  It  is  well 
known,  that  in  the  time  t  it  will  £ei11  through  the  height  i, 
and  will  acquire  the  velocity  o,  and  now  possesses  the  quanp 
tity  of  motion  S^Av— and  all  this  is  the  effect  of  its  wei^it 
The  weight,  therefore,  of  the  pillar  2sh  produces  the  same 
effect,  and  in  the  same  time,  and  (as  may  easily  be  neeaai)  in 
the  same  gradual  manner,  with  the  expelling  forces  of  the 
fluid  in  the  vessel,  which  expelling  forces  arise  finom  the 
pressure  of  all  the  fluid  in  tlie  vessel  Therefore  the  ac* 
cumulated  hydraulic  pressure,  by  which  a  vein  of  a  heavy 
fluid  is  forced  out  through  an  orifice  in  the  bottom  or  side 
of  a  vessel,  is  equal  (when  estimated  in  the  direction  of  the 
efflux)  to  the  weight  of  a  column  of  the  fluid,  having  for 
its  base  the  section  of  the  vein,  and  twice  the  (all  product- 
ive of  the  velocity  of  efflux  for  its  height. 

Now  let  ABDC  (Fig.  11.)  be  a  quadrangular  vessel  with 
upright  plane  sides,  in  one  of  which  is  an  orifice  EF.  From 
every  point  of  the  circumference  of  this  orifice,  suppose  lio- 
rizontxd  lines  E  e,  Ff^  &c.  which  will  mark  a  similar  sur- 
face on  the  opposite  side  of  the  vessel.  '  Suppose  the  orifice 
EF  to  the  shut.  There  can  be  no  doubt  but  that  the  sur- 
faces EF  and  ery*will  be  equally  pressed  in  opposite  durcc- 
tions.  Now  open  the  orifice  EF  ;  the  water  will  rush  out» 
and  the  pressure  on  EF  is  now  removed.  There  will  there- 
fore be  a  tendency  in  the  vessel  to  move  back  in  the  direc- 
tion E  e.  And  this  tendency  must  be  precisely  equal  and 
opposite  to  the  whole  effort  of  tlie  expelling  forces. 

Now,  let  this  stream  of  water  be  received  on  a  circular 
plane  MN,  perpendicular  to  its  axis,  and  let  this  circular 
plane  be  of  such  extent,  that  the  vein  escapes  from  its  sides 
in  an  infinitely  thin  sheet,  tlie  water  flowing  ofi*  in  a  direc- 
tion parallel  to  the  plane.     The  vein  by  this  means  will  ex- 
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pand  into  m  tnanpeulike  eluqpe,  haring  currad  fldes,  E  KG,- 
FLH,Fig.  19.  WeabsdwtatprwenttheaetiaDofgnmty 
which  would  cause  the  vein  to  bend  downwards,  and  oeea- 
akm  a  greater  velodty  at  H  than  at  G;  and  we  soppose  the 
vekxnty  equal  in  every  pcnnt  of  the  circumfercnoe.  It  is 
plain,  that  if  the  aotion  of  gr&vity  be  neglected  after  the 
water  has  issued  through  the  orifice  EF,  the  velodty  in 
every  point  of  the  circumferenoe  of  the  plane  MN  will  be 
that  of  the  efflux  through  £F. 

Now,  because  EKG  is  the  natural  shape  assumed  by  the 
von,  it  is  plain,  that  if  the  whole  vein  were  coveied  by  a 
tube  or  mouth-piece,  fitted  to  its  sluqpe,  and  perfectly  po> 
lished,  so  that  the  water  shall  glide  along  it,  without  any 
friction  (a  thing  which  we  may  always  su^qpose),  the  water 
will  exert  no  pressure  whatever  on  this  trumpet  mouths 
jnece.  Lastly,  let  us  suppose  that  the  plane  MN  b  at* 
tached  to  the  mouth-piece  by  some  Uts  of  wire^  so  as  to 
allow  the  water  to  escape  all  round  by  the  narrow  chink 
between  the  niouth-]Meoe  and  the  plane :  We  have  now  a 
vessel  conosting  of  the  upright  part  ABDC,  the  trumpet 
GKEFLH,  and  the  plane  MN ;  and  the  water  is  escaping 
from  every  point  of  the  orcumfisrence  of  the  chink  GHNAC 
with  the  velocity  v.  If  any  part  of  this  chink  were  shot' 
up,  there  would  be  a  pressure  on  that  part  equivalent  to 
the  fcnrce  of  efflux  from  the  o[^x)ate  part.  Therefore,  when 
all  is  open,  these  efibrts  of  efflux  balance  each  other  all 
round.  There  is  not  therefore  any  tendency  in  this  com- 
pound vessel  to  move  to  any  ade.  But  take  away  the 
plane  MN,  and  there  would  immediately  arise  a  pressure 
in  the  direction  Ef  equal  to  the  weight  of  the  column  2s  h. 
This  is  therefore  balanced  by  the  pressure  on  the  circuhu: 
plane  MN,  which  is  therefore  equal  to  thiswd^t,  and  the 
proportion  is  demonstrated. 

'  A  number  of  experiments  were  made  by  Krafit  at  St 
Petersburg,  by  receiving  the  von  on  a  plane  MN  (Fig.  1]  •) 
which  was  fastened  to  the  arm  of  a  balance  OPQ,  having  a 
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todsB  hflngiBgoii  tbe  opponle  aihl  -TW 
pmnue  on  the  plane  wai  meesimd  fay  ira^glMi  put  inie 
the  teak  R;  end  the  Tclodty  of  the  jet  wee  ■eewire d  by 
meeiia  of  the  diitanoe  KH,  to  which  it  apoatedon  e  heii- 
aontal  plane. 

The  reaulta  of  theae  ezpoimeotB  were  ea  oonfimBable  to 
the  theory  aa  could  be  wished.  The  lenatance  waa  alw^fa 
a  little  leaa  than  what  the  theory  required,  but  greatly 
oeeded  its  half;  the  result  of  the  generally  reeenred 
Thb  defect  should  be  expected ;  for  the  demonatratioii  sap- 
poaes  the  plane  MN  to  be  infinitely  extended,  ao  that  the 
film  of  water  which  issues  through  the  chink  may  be  accu- 
rately parallel  to  the  jiane.  This  never  can  be  oomplelely 
effected.  Also  it  was  supposed,  that  the  velocity  was  jusdy 
measured  by  the  amplitude  of  the  parabola  £6K.  But  it 
is  well  known  that  the  very  putting  the  plane  MN  in  the 
way  of  the  jet,  though  at  the  distance  of  an  inch  from  the 
orifice,  will  diminish  the  velocity  of  the  efflux  through  this 
orifice.  This  is  easily  verified  by  experiment  Obaerre 
the  time  in  which  the  vessel  will  be  emptied  when  there  is 
no  plane  in  the  way.  Repeat  the  experiment  with  the 
plane  in  its  place ;  and  more  time  will  be  necessary.  The 
following  is  a  note  of  a  course  of  experiments,  taken  as  they 
stand,  without  any  selection. 

Nn        2         3  4         6  6 

Resist  by  theory  1701    1720    1631    1602    1528    1072 
Resbtbyexpt      1403    1463    1486    1401    140S    1021 


Difference  298      257      165      201      125       51 

In  order  to  demonstrate  this  proposition  in  such  a  man- 
ner as  to  furnish  the  means  of  investigating  the  whole  me- 
chanism and  action  of  moving  fluids,  it  is  necessary  to  pre 
mise  an  elementary  theorem  of  curvilineal  motions. 

If  a  particle  of  matter  describes  a  cur\'e  line  ABCE 
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(Kf.  IS.)  by  die  oontinuBl  aetkm  of  dcAictaig  feroei, 
wUdi  vary  in  any  manner,  both  with  respect  to  intensity 
and  direction,  and  if  the  action  of  these  fiiroes,  in  every 
point  of  the  curve,  be  resolved  into  two  directions,  pierpen- 
dicular  and  parallel  to  the  initial  direction  AK ;  then, 

1.  The  accumulated  efiect  of  the  deflecting  forces,  esti- 
mated in  a  direction  AD  perpendicular  to  AK,  is  to  the 
final  quantity  of  motion  as  the  sine  of  the  final  change  of 
direcdon  is  to  radius. 

Let  us  first  suppose  that  the  accelerating  forces  act  by 
starts,  at  equal  intervals  of  time,  when  the  body  is  in  the 
pcnnts  A,  B,  C,  E.  And  let  AN  be  the  deflecting  force, 
which,  acting  at  A,  changes  the  original  direction  AK  to 
AB.  Produe  AB  till  BH=AB,  and  complete  the  paralle- 
logram BFCH.  Then  FB  is  the  force  which,  by  acting 
at  B,  dianged  the  motion  BH  (the  continuation  of  AB)  to 
BC.  In  like  manner  make  C  A  (in  BC  produced)  equal  to 
BC,  and  complete  the  parallelogram  CfEh,  C/*is  the  de- 
flecting force  at  C,  &c.  Draw  BO  parallel  to  AN,  and 
6BK  perpendicular  to  AK.  Also  draw  lines  through  C 
and  E  perpendicular  to  AK,  and  draw  through  B  and  C 
lines  parallel  to  AK.  Draw  also  HL,  h  I  perpendicuhr, 
and  F6,  HI,  h  t,  parallel  to  AK. 

It  is  plain  that  BK  is  BO  or  AN  estimated  in  the  direo- 
tiion  perpendicular  to  AK,  and  that  BG  is  BF  estimated 
in  the  same  way.  And  nnce  BH=AB,  HL  or  IM  is 
equal  to  BK.  Also  CI  is  equal  to  B6.  Therefore  CM 
is  equal  to  AP-f-BG.  By  similar  reasoning  it  appears 
that  E  «?»=E  i+hl,=Cg+CM,=Cg+BG+AP. 

Therefore  if  CE  be  taken  for  the  measure  of  the  final 
velocity  or  quantity  of  motion,  E  m  will  be  the  accumulated 
efiect  of  the  deflecting  forces  estimated  in  the  direction  AD 
perpendicular  to  AK.  But  E  m  is  to  CE  as  the  nne  of 
m  CE  is  to  radius ;  and  the  angle  m  CE  is  the  angle  oon- 
tttned  between  the  initial  and  final  directions,  because  C  fit 
is  parallel  to  AK.     Now  let  the  intervals  of  time  diminisK 
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oontinually  and  the  ftequency  of  the  impulses  iiicreMe. 
The  deflection  becomes  ultimatdy  oontinuoua,  and  the  mo- 
tion curvilined,  and  the  propontion  is  demonslnted* 

We  see  that  the  initial  velocitj  and  its  labBequent 
changes  do  not  afiect  thecondiuaon,  which  depends  entirely 
on  the  final  quantity  of  motion, 

2.  The  aocumuhted  e£Pect  of  the  aeodenting  fixces^ 
when  estimated  in  the  direction  AK  of  the  original  motion, 
or  in  the  opposite  direction,  is  equal  to  the  diSerenoiS  be- 
tween the  initial  quantity  of  motion,  and  the  product  of 
the  final  quantity  of  motion  by  the  oomne  of  the  change  of 


ForCm=:C2— .ml,  =B  M-/  q 
BM  ==  BL—  ML,= AK— FG 
AK  =  AO—  OK,  =  AO— PN. 

Therefore  PN+FG^Q  (the  accumulated  impulaein 
the  direction  OA)  =  AO  —  CM,  g=  AO  —  CE  x  ooane  of 
SCM. 

Cor.  1.  The  same  action,  in  the  direction  opponte  to 
that  of  the  original  motion,  is  necessary  for  causing  a  body 
to  move  at  right  angles  to  its  former  direction  as  for  stop- 
jnng  its  motion.  For  in  this  case,  the  cosine  of  the  change 
of  direction  is  =  o,  and  AO — CExcosine  ECM=AO— 0, 
=:A0,  =  the  original  motion. 

Cor,  2.  If  the  initial  and  final  velocities  are  the  same, 
the  accumulated  action  of  the  accelerating  forces,  estimated 
in  the  direction  OA,  is  equal  to  the  product  of  the  original 
quantity  of  motion  by  the  versed  sine  of  the  change  of 
direction. 

The  application  of  these  theorems,  particularly  the  se- 
cond, to  our  present  purpose  is  very  obvious.  All  the  fila- 
ments of  the  jet  were  originally  moving  in  the  direction  of 
its  axis,  and  they  are  finally  moving  along  the  resisting 
plane,  or  perpendicular  to  their  former  motion.  There- 
fore their  transverse  forces  in  the  direction  of  the  axis  are 
(in  eumulo)  equal  to  the  force  which  would  stop  the  mo- 
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tion.'  FcirUieaggrqpiteoftheaiiiukaD60U8fi«ceiofere^ 
jMUtidle  in  the  whole  filament  is  the  uxae  with  that  of  tha 
Mcoenhre  forces  of  one  partide,  as  k  arrives  at  dtferent 
paints  of  its  curvineal  path.  Alltfaetransvenefbroesy  eatl- 
mated  in  a  direetion  perpendicular  to  the  aans  of  the  vein, 
ptedsely  balance  and  sustain  eadi  other;  and  the  only 
forces  which  can  produce  a  sensible  e£fect  are  those  in  a  di- 
rection parallel  to  the  axis.  By  these  all  the  inner  fila« 
ments  are  pressed  towards  the  jdane  MN,  and  must  be 
withstood  by  it  It  is  highly  probable,  nay  certain,  that 
there  is  a  quantity  of  stagnant  water  in  the  middle  of  the 
vein  which  sustains  the  pressures  of  the  moving  filaments 
mthout  it,  and  transmits  it  to  the  solid  plane.  But  this 
does  not  alter  the  case.  And,  fortunately,  it  is  of  no  con- 
sequence what  changes  happen  in  the  velodties  of  the  par-- 
tides  while  eadi  is  descriUng  its  own  curve.  And  it  is 
from  this  drcumstance,  peculiar  to  this  particular  case  of 
perpendicular  impulse,  that  we  arte  able  to  draw  the  ocm* 
duaon.  It  is  by  no  means  difficult  to  demonstrate  that 
the  velodty  of  the  external  surface  of  this  jet  is  constant, 
and  indeed  of  every  jet  which  is  not  acted  on  by  external 
forces  after  it  has  quitted  the  orifice :  but  this  discussion  is 
quite  unnecessary  here.  It  is  however  extremely  difficult 
to  ascertain,  even  in  this  most  ample  case,  what  b  the  ve- 
lodty  of  the  internal  filaments  in  the  difierent  points  of 
their  progress. 

Such  is  the  demonstration  which  Bernoulli  has  given  of 
this  propofBtion.  Limited  as  it  is,  it  is  highly  valuable, 
because  derived  from  the  true  prindples  of  hydraulics. 

He  hoped  to  render  it  more  extensive  and  applicable  to 
oblique  impulses^  when  the  axis  AC  of  the  vein  (Fig.  13. 
nP  2.)  is  inclined  to  the  pbaie  in  an  angle  ACN.  But  here 
all  the  simplicity  of  the  case  is  gcne^  and  we  are  now 
obliged  to  ascertain  the  motion  of  each  filament  It  might 
not  perhaps  be  impossible  to  determine  what  must  happen 
in  thp  pknc  of  the  figure,  that  is,  in  a  plane  passing  through 
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the  axis  of  the  vein,  end  perpendicular  to  the  plane  MN. 
But  even  in  this  case  it  would  be  extremely  difficult  to  de- 
termine how  much  of  the  fluid  will  go  in  the  dirediop 
EKG,  and  what  will  go  in  the  path  FLH,  andto  aaoertain 
the  form  of  each  filament,  and  the  velocity  in  ita  dKffisrent 
points.  But  in  the  real  state  of  the  case^  •  the  water  will 
disapate  from  the  centre  C  on  every  side;  and  we  cannot 
tell  in  what  proportions.  Let  us  however  consider  a  little 
what  happens  in  the  plane  of  the  figure,  and  suppose  that 
all  the  water  goes  either  in  the  course  EEG  or  in  the  ooune 
FLH.  Let  the  quantities  of  water  which  take  these  two 
courses  have  the  proportions  oip  and  n.  Let  V^  be  the 
velocity  at  A,  V^  he  the  velocity  at  G,  and  \/^  be  the 
velodty  at  H.  ACG  and  ACH  are  the  two  changes  of 
direction,  of  which  let  c  and  — c  be  the  cosines.  Then, 
adopting  the  former  reasoning,  we  have  the  pressure  of  the 
watery  plate  GEEACM  on  the'  plane  in  the 


AC  =  -^  +ii« — 8c6,   and  the  pressure  of  the  plate 


HLFACN  =   -  -  X  2  o  -h  2  c  /a,  and  their  sum  = 


-T ;    winch  being  multiphed  by  the 

sine  of  ACM  or  \/l — c^,  gives  the  pressure  perpendicular 


to  the  plane  MN  ^/>x2a-2  .5  +  nx  2a  +  gc/s^^^-^^ 

But  there  remains  a  pressure  in  the  direction  perpen- 
dicular to  the  axis  of  the  vein,  which  is  not  balanced,  as 
in  the  former  case,  by  the  equality  on  opposite  sides  of 
the  axis.  The  pressure  arising  from  the  water  which 
escapes  at  G  has  an  effect  opposite  to  that  produced  by  the 
water  which  escapes  at  H.  When  this  is  taken  into  ac- 
count, we  shall  find  that  their  joint  efforts  perpendicular 

to  AC  are— ^x2av^l— c*,  which,  being  multiplied  by 
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the  c»iiDe  of  ACM,  gives  the  actkn  perpendicukr  to  MN 

The  sum  or  joint   effort   of  all    these  pressures  u 


P+n  P+^ 

Thus,  from  this  case,  which  is  much  simpler  than  can 
happen  in  nature,  seeing  that  there  will  always  be  a  lateral 
efflux,  the  determination  of  the  impulse  is  as  unoertun  and 
vague  as  it  was  sure  and  precise  in  the  former  case. 

It  is  therefore  without  proper  authority  that  the  absolute 
impulse  of  a  v^n  of  fluid  on  a  plane  which  recdves  it 
wholly,  is  asserted  to  be  proportional  to  the  sine  of  inci- 
dence. If  indeed  we  suppose  the  velocity  in  6  and  H  arc 
equal  to  that  at  A,  then  &=:/3,=a,  and  the  whole  impulse  is 

Sa^l — c^,  as  is  commonly  supposed.  But  this  cannot  be. 
Both  the  velocity  and  quanUty  at  H  are  less  than  those  at 
G.  Nay,  frequently  there  is  no  efflux  on  the  side  H  when 
the  obliquity  is  very  great.  We  may  conclude  in  general, 
that  the  oblique  impulse  will  always  bear  to  the  direct  im- 
pulse a  greater  proportion  than  that  of  the  sine  of  incidence 
to  radius.     If  the  whole  water  escapes  at  6,  and  none  goes 

off  laterally,  the  pressure  will  bo  2a+2ac — fibcx^l^^^ 
The  experiments  of  the  Abbe  Bossut  show  in  the  plainest 
manner  that  the  pressure  of  a  vein,  striking  obliquely  on  a 
plane  which  receives  it  wholly,  diminishes  faster  than  in  the 
ratio  of  the  square  of  the  sine  of  incidence ;  whereas,  when 
the  oblique  plane  is  wholly  immersed  in  the  stream,  the  im- 
pulse is  much  greater  than  in  this  proportion,  and  in  great 
obliquities  is  nearly  as  the  sine. 

Nor  will  this  propositicm  determine  the  impulse  of  a  fluid 
on  a  plane  wholly  immersed  in  it,  even  when  the  impulse  is 
perpendicular  to  the  plane.  The  circumstance  is  now 
wanting  on  which  we  can  establish  a  calculation,  namely, 
the  angle  of  final  deflection.    Could  this  be  ascertained  for 


Sfl4  RBSUTAKCS  OF  FLaiXM. 

each  filament,  and  the  Telocity  of  the  fihunefit,  the  princi- 
ples are  completely  adequate  to  an  accurate  aohiticm  o£  the 
problem.  In  the  experiments  which  we  mentioned  to  have 
been  made  under  the  inspection  of  Sir  Charks  KnowkfSy  a 
cylinder  of  six  inches  diameter  was  exposed  to  the  acdoa  of 
a  stream  moving  precisely  one  foot  per  seomd ;  and  when 
certain  deducUcms  were  made  for  the  water  whidi  was 
held  adhering  to  the  posterior  base  (as  will  be  noticed  after- 
ward), the  impulse  was  found  equal  to  Si  ounces  avoirdu- 
pois. There  were  36  coloured  filaments  distributed  on  the 
stream,  in  such  situations  as  to  give  the  most  useful  indii^ 
tions  of  thdr  curvature.  It  was  found  necessary  to  have 
some  which  passed  und»  the  body  and  some  above  it ;  fiir 
the  form  of  these  filaments,  at  the  same  distance  from  the 
axis  of  the  cylinder,  was  considerably  different;  and  those 
filaments  which  were  mtuated  in  planes  neither  horiaonfal 
nor  vertical  took  a  double  curvature.  In  short,  the  curves 
were  all  traced  with  great  care,  and  the  deflecting  forces 
were  computed  for  each,  and  reduced  to  the  durecdon  of 
the  axis ;  and  they  were  summed  up  in  such  a  manner  as 
to  give  the  impulse  of  the  whole  stream.  The  deflections 
were  marked  as  far  a-head  of  tlic  cylinder  as  they  could  be 
assuredly  observed.  By  this  method  the  impulse  was  com- 
puted to  be  Sjl  ounces,  differing  from  observation  j'^  of 
an  ounce,  or  about  j\  of  the  whole ;  a  difference  which 
may  most  reasonably  be  ascribed  to  the  adheaon  of  the 
water,  which  must  be  most  sensible  in  such  small  velocities. 
These  experiments  may  therefore  be  considered  as  giving 
all  the  confirmation  that  can  be  desired  of  the  justness  of 
the  principles.  This  indeed  hardly  admits  of  a  doubt ; 
but,  alas  !  it  gives  us  but  small  assistance  ;  for  all  this  is 
empirical,  in  as  far  as  it  leaves  us  in  every  case  the  task  of 
observing  the  form  of  the  curves  and  the  velocities  in  their 
different  points.  To  derive  ser^'icc  from  this  most  judici- 
ous method  of  Daniel  Bernoulli,  we  must  discover  some 
method  of  determining,  a  priori,  what  will  be  the  motion 
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of  the  fluid,  whose  course  is  obstructed  by  a  body  of  any 
IbmL  Ajidhere  we  c^pinot  omit  taking  notice  of  the  casual 
ohsenratioD  of  Sir  Isaac  Newton  when  attempting  to  deter- 
mine the  resistance  of  the  plane  surfiice  at  cylinder,  or 
sphere  exposed  to  a  stream  moving  in  a  canal.  He  says 
that  the  form  of  the  reristing  surface  is  of  less  consequence, 
because  there  is  always  a  quantity  of  watar  stagnant  upon 
it,  and  which  may  therefore  be  considered  as  fiosen;  and  he 
therefore  considers  that  water  only  whose  motion  is  necea- 
aaiy  for  the  most  expeditious  discharge  of  the  water  in  the 
iressel.  He  endeavours  to  discriminate  that  water  from  the 
rest ;  and  although  it  must  be  acknowledged  that  the  prin- 
ciple which  he  assumes  for  this  purpose  is  very  gratuitous, 
because  it  only  shows  that  if  certain  portions  of  the  waier^ 
which  he  determines  very  ingemously,  were  really  fiozen, 
the  rest  will  issue  as  he  says,  and  wiU  exert  the  pressure 
which  he  assigns ;  still  we  must  admire  his  fertility  of  re- 
source, and  his  sagaci^  in  thus  foreseeing  what  subsequoit 
observation  has  completely  conlBrmed*  We  are  even  dis- 
posed to  think,  that  in  this  casual  observation  Sir  Isaac 
Newton  has  pointed  out  the  only  method  of  arriving  at  a 
Boludon  of  the  problem ;  and  that  if  we  could  discover  wfuU 
motions  are  not  necessary  for  {he  most  ewpeditious  passage 
f^the  watery  and  could  thus  determine  the  form  and  mag- 
nitude of  the  stagnant  water  which  adheres  to  the*  body, 
we  should  much  more  easily  ascertain  the  real  motions 
which  occanon  the  observed  resistance. 

The  Chevalier  D^Arcy  has  shewn,  that  in  the  trains  of 
natural  operations  which  terminate  in  the  production  of 
motion  in  a  particular  direction,  the  intermediate  commu- 
nications-of  moticm  are  such,  that  the  smallest  possible 
quantity  of  motion  is  produced.  We  seem  obliged  to  con- 
clude, that  this  law  will  be  observed  in  the  present  instance; 
and  it  seems  a  problem  not  above  our  reach  to  determine 
the  motions  which  result  firom  it  We  would  recommend 
the  problem  to  the  eminent  mathematicians  in  scnne  simple 
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cuCf  such  as  tbe  propoatkm  already  demonstimted  hj 
Daniel  Bernoulli,  or  the  perpendicular  impulse  oq  a  cjlii^ 
der  included  in  a  tubular  canal ;  and  if  they  succeed  in  this^ 
great  things  may  be  expected.  We  think  that  experience 
gpives  great  encouragement  We  see  that  the  resistanoe  to 
a  plane  surface  is  a  little  greater  than  the  weight  of  a  o^ 
lumn  of  the  fluid  having  the  fall  productive  of  tbe  rtioatj 
for  its  height,  and  the  small  excess  is  most  probaUy  owipg 
to  adhesion,  and  the  measure  of  the  real  resistance  is  pn^ 
bably  precisely  this  weight  The  velod^  of  a  qxHitiig 
fluid  was  found,  in  fact,  to  be  that  acquired  by  fidling  finni 
the  surface  of  tlie  fluid ;  and  it  was  by  looking  at  thisi  as 
at  a  pole  star,  that  Newton,  Bernoulli,  and  others,  have 
with  great  sagacity  and  ingenuity  discovered  much  of  the 
laws  of  hydraulics,  by  seardiing  for  principles  which  would 
give  this  result     We  may  hope  for  similar  success. 

In  the  mean  time,  we  may  receive  this  as  a  physical  Cnith» 
that  the  perpendicular  impulse  or  resistance  of  a  plane  sur- 
face, wholly  immersed  in  'the  fluid,  is  equal  to  the  wei^t 
of  the  column  having  the  surface  for  its  base,  and  the  &U 
producing  the  velocity  for  its  height 

This  is  the  medium  result  of  all  experiments  made  in 
these  precise  circumstances.  And  it  is  confirmed  by  a  set 
of  experiments  of  a  kind  wholly  different,  and  which  seem 
to  point  it  out  more  certainly  as  an  immediate  consequence 
of  hydraulic  principles. 

If  Pitot's  tube  be  exposed  to  a  stream  of  fluid  issuing 
from  a  reservoir  or  vessel,  as  represented  in  Fig.  14.  with 
the  open  mouth  I  pointed  directly  against  the  stream,  the 
fluid  is  observed  to  stand  at  K  in  the  upright  tube,  pre- 
cisely on  a  level  with  the  fluid  AB  in  the  reservoir.  Here 
is  a  most  unexceptionable  experiment,  in  which  the  impulse 
of  the  stream  is  actually  opposed  to  the  h ydrostatical  pres- 
sure of  the  fluid  on  tlie  tube.  Pressure  is  in  this  case  op- 
posed to  pressure,  because  the  issuing  fluid  is  deflected  by 
what  st^B  in  the  mouth  of  the  tube,  in  the  same  way  in 
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which  it  would  be  deflected  by  a  firm  surfkoe.  We  shall 
have  oocasioii  by  and  by  to  mdation  some  moBt  Taloable 
and  instructive  experiments  made  with  this  tube. 

It  was  this  which  suggested  to  Euler  another  theory  of 
the  impulse  and  resistance  o£  fluids,  which  must  not  be 
omitted,  as  it  is  af^lied  in  his  elaborate  perfimnance  on 
the  Theory  of  the  Construction  and  Working  of  Ships,  in 
two  volumes  4ta  He  supposes  a  stream  of  fluid  ABCD 
(Fig.  15.),  moving  with  any  velocity,  to  strike  the  plane 
BD  perpendicularly,  and  that  part  of  it  goes  through  a 
hok  EF,  forming  a  jet  E6HF.  Euler  says,  that  the  ve. 
lodty  of  this  jet  will  be  the  same  with  the  velocity  of  the 
stream.  Now  compare  this  with  an  equal  stream  issuing 
from  a  hole  in  the  side  of  a  vessel  with  the  same  velocity. 
The  one  stream  is  urged  out  by  the  pressure  occasioned  by 
the  impulse  of  the  fluid ;  the  other  is  urged  out  by  the 
impulse  of  the  fluid ;  the  other  is  urged  out  by  the  pressure 
of  gravity.  The  effects  are  equal,  and  the  modifying  cip- 
cmnstanees  are  the  same.  The  causes  are  therefore  equal, 
and  the  pressure  occaaoned  by  the  impulse  of  a  stream  ot 
fliud,  moving  with  any  velocity,  is  equal  to  the  weight  of 
a  column  of  fluid  whose  height  is  productive  of  this  velo- 
dty,  kc.  He  then  determines  the  oUique  impulse  by  the 
resolution  of  motion,  and  deduces  the  common  rules  of  re- 
sistance, 8cc 

Not  a  shadow  of  argument  is  given  for  the  leading  prin- 
dple  in  this  theory,  viz.  that  the  velocity  of  the  jet  is  the 
some  with  the  vdocity  of  the  stream.  None  can  be  given, 
but  saying,  that  the  pressure  is  equivalent  to  its  produc- 
tion ;  and  this  is  assuming  the  very  thing  he  labours  to 
prove.  The  matter  of  fact  is,  that  the  velodty  of  ^  jet 
is  greater  than  that  of  the  stream,  and  may  be  greater  aU 
most  in  any  proportion.  Which  curious  circumstance  was 
discovered  and  ingeniously  explained  long  ago  by  Daniel 
Bernoulli  in  his  Hjfdrod^namiciL  It  is  evident  that  the 
i^dodty  nrast  be  grtatar.    Wero  a  stream  of  sand  to  eome 
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against  the  plane,  what  goes  through  would  indeed  pro- 
serve  its  velocity  unchanged :  but  when  a  real  fluid  strikes 
the  plane,  all  that  does  not  pass  through  is  deflected  on 
all  sides ;  and  by  these  deflecticns  forces  are  exdtedy  bj 
which  the  filaments  which  surround  the  cylinder  imm^ 
diately  fronting  the  hole  are  made  to  press  the  cylinder  oo 
all  sides,  and  as  it  were  squeeze  it  between  them :  and 
thus  the  particles  at  the  hole  must  of  necessity  be  aooe- 
lerated,  and  the  velocity  of  the  jet  must  be  greater  tfasn 
that  of  the  stream.  We  are  disposed  to  think  thaty  in  a 
fluid  perfectly  incompressible,  the  velocity  will  be  double, 
or  at  least  increased  in  the  proportion  of  1  to  y^  If  the 
fluid  is  in  the  smallest  degree  compressible,  even  in  the 
very  small  degree  that  water  is,  the  velodty  at  the  fiist 
impulse  may  be  much  greater.  D.  Bernoulli  found,  that 
a  column  of  water  moving  5  feet  per  second,  in  a  tube 
some  hundred  feet  long,  produced  a  velocity  of  186  feet 
per  second  in  the  first  moment 

There  bdng  this  radical  defect  in  the  theory  of  Euler, 
it  is  needless  to  take  notice  of  its  total  insufficiency  for  ex- 
plaining oblique  impulses  and  the  resistance  of  curvilineal 
prows. 

M.  d^Alembert  has  attempted  a  solution  of  that  problem 
in  a  method  entirely  new  and  extremely  ingenious.  He 
saw  clearly,  that  all  the  followers  of  Newton  had  forsaken 
the  path  which  he  had  marked  out  for  them  in  the  second 
part  of  his  investigation,  and  had  merely  amused  themselves 
with  the  mathematical  discussion  with  which  his  introduc- 
tory hypothesis  gave  them  an  opportunity  of  occupying 
themselves.  He  paid  the  deserved  tribute  of  applause  to 
Daniel  Bernoulli  for  having  introduced  the  notion  of  pure 
pressure  as  the  chief  agent  in  this  business ;  and  he  saw 
that  he  waa  in  the  right  road,  and  that  it  was  from  hydro- 
statical  principles  alone  that  we  had  any  chance  of  explain- 
ing the  phenomena  of  hydraulics.  Bernoulli  had  only  con- 
sidered the  pressures  wliich  were  excited  in  consequence  of 
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the  cunrilineal  motions  of  the  particles.  M.  d^AIembert 
even  thought  that  these  pressures  were  not  the  conse- 
quenoes,  but  the  causes,  of  these  curvilineal  motions.  No 
internal  motion  can  happen  in  a  fluid  but  in  consequence 
of  an  unbalanced  pressure ;  and  every  such  motion  will 
produce  an  inequali^  of  pressure,  which  will  determine 
the  succeeding  motions.  He  therefore  endeavoured  to  re- 
duce all  to  the  discovery  of  those  disturbing  pressures,  and 
thus  to  the  laws  of  hydrostatics.  He  had  long  before  this 
hit  on  a  very  refined  and  ingenious  view  of  the  action  of 
bodies  on  each  other,  which  had  enabled  him  to  solve  many 
of  the  most  difficult  problems  concerning  the  motions  of 
bodies,  such  as  the  centre  of  oscillation,  of  qmntaneous 
conversion,  the  precesnon  of  the  equinoxes,  &c.  &c.  with 
great  facility  and  elegance.  He  saw  that  the  same  prind- 
pie  would  apply  to  the  action  of  fluid  bodies.  The  prin- 
ciple is  this : 

^^  In  whatever  manner  any  number  qf  bodies  are  eup- 
posed  to  act  on  each  other ^  and  by  these  actions  come  to 
change  their  present  motions,  if  we  conceive  tTiat  the  mo^ 
Hon  which  each  body  wotdd  have  in  the  following  instant 
{if  it  became  Jree)i  ^  resolved  into  two  other  motions ;  one 
qf  which  is  ihe  motion  which  it  really  takes  in  iheJbOow- 
ing  instant ;  the  other  will  be  such,  that  ^each  body  had 
no  other  motion  but  this  second,  the  whole  bodies  would 
have  remained  in  equilibrio,'^  We  here  observe,  that  <<  the 
motion  which  each  body  would  have  in  the  following  in- 
stant, if  it  became  free,^  'is  a  continuation  of  the  motion 
which  it  has  in  the  first  instant  It  may  therefore  perhaps 
be  better  expressed  thus : 

j[f  the  motions  qf  bodies,  any  how  acting  on  each  other, 
be  considered  in  two  consecutive  instants^  and  if  we  con-' 
ceive  the  motion  which  it  has  in  tJte  Jirst  instant  as  com^ 
pounded  of  two  others^  one  of  which  is  tlie  motion  which  it 
actudOy  taJces  in  the  second  instant,  the  other  is  such,  0uU 
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ffeaehlK>difhad(mlifih(mieoondfnciiani9  Uiew^wie&yHem 
WHuM  have  remaimed  in  tquilibrio. 

Tbe  piopoaitioii  itself  is  evident  For  if  these  seoond 
notioDs  be  not  such  ma  that  an  equilibrium  of  the  whole 
system  would  result  from  thon,  the  other  component 
motions  Would  not  be  those  whidi  the  bodies  really  have 
after  the  change ;  (or  they  would  necessarily  be  altered  by 
these  unbalanced  moticms.  See  lyAlembert  E$Mai  dr 
Djffnamique, 

Assisted  by  tliis  incontestable  principle^  M.  d'^Alembert 
demonstrates)  in  a  manner  equally  new  and  simple,  those 
{vopoflitioos  which  Newton  had  so  cautiously  deduced  from 
his  hypothetical  £uid»  shewing  that  they  were  not  limited 
to  this  hypothesis,  vie.  that  the  motions  produced  by  simi« 
lar  bodies,  rimilarly  projected  in  them,  would  be  similar ; 
that  whatever  were  the  pressures,  the  curves  described  by 
the  particles  would  be  the  same ;  and  that  the  resistances 
would  be  proportional  to  the  squares  of  the  velocities  He 
then  comes  to  consider  the  fluid  as  having  its  motions  con. 
strained  by  the  form  of  the  canal  or  by  solid  obstacles  in^ 
terposed. 

It  is  evident,  that  if  tbe  body  ADCE  (Fig.  16.)  did  not 
form  an  obstruction  to  the  motion  of  the  water,  the  particles 
would  describe  parallel  lines  TF,  OK,.PS,  &c.  But  while 
yet  at  a  distance  from  the  body  in  F,  K,  S,  they  gradually 
change  their  directions,  and  describe  the  curves  FM,  K  rth, 
S  n,  so  much  more  incurvated  as  they  are  nearer  to  the 
body.  At  a  obtain  distance  ZY  this  curvature  will  be 
insensible,  and  the  fluid  included  in  the  space  ZYHQ 
will  move  uniformly  as  if  the  solid  body  were  not  there. 
The  motions  on  the  other  side  of  the  axis  AC  will  be  the 

« 

same  ;  and  we  need  only  attend  to  one  half,  and  we  shall 
consider  these  as  in  a  state  of  permanency. 

No  body  changes  either  its  direction  or  velocity  other- 
wise than  by  insensible  degrees:   therefore  the  particle 
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which  IB  moTing  in  the  axis  will  not  reach  the  yertex  A  of 
the  body,  where  it  behoved  to  deflect  instantaneously  at 
rig^  angles.  It  will  therefore  begin  to  be  deflected  at 
•ome  point  F  a-head  of  the  body,  and  will  describe  a  cunre 
FM,  touching  die  axis  in  F,  and  the  body  in  M ;  and 
then,  gliding  along  the  body,  will  quit  it  at  some  point  L, 
describing  a  tangent  curve,  which  will  join  the  axis  again 
(touching  it)  in  B ;  and  thus  there  will  be  a  quantity  of 
stagnant  water  FAM  before  or  a-head  of  the  body,  and 
another  LCR  behind  <Mr  astern  of  it 

Let  a  be  the  velocity  of  a  particle  of  the  fluid  in  any  in- 
stant, and  of  its  velocity  in  the  next  instant  The  velocity 
a  may  be  considered  as  compounded  of  a'  ando^.  If 
the  particles  tended  to  move  with  the  velocities  a"  only, 
the  whole  fluid  would  be  in  equilibrio  (general  prindple), 
and  the  pressure  of  the  fluid  would  be  the  same  as  if  all 
were  stagnant,  and  each  particle  were  urged  by  a  force 

-j^  i  expresang  an  indefinitely  small  moment  of  time. 

(N.B.  -r-  is  the  proper  expresnon  of  the  accelerating  force, 

which,  by  acting  during  the  moment  /,  would  generate 
the  yelodty  a";  and  a"  is  supposed  an  indetennhoafte 
quantity,  different  perhaps  for  each  partide).  Now,  let  a 
be  supposed  constant,  or  a=a\  In  this  case  af'=ia.  That 
is  to  say,  no  pressure  whatever  will  be  exerted  on  the  solid 
body  unless  there  happen  changes  in  the  velocities  or  direc- 
tions of  the  particles. 

Let  a  and  a'  then  be  the  motions  of  the  particles  in 
two  consecutive  instants.     They  would  be  in  equilibrio 

a" 
if  urged  only  by  the  forces  -r—  Therefore  if  y  be  the  point 

* 
where  the  partides  which  describe  the  curve  FM  begin  to 
change  their  velodty,  the  pressure  in  D  would  be  equal  to 
the  pressure  which  the  flmd  eoDtained  in  the  canal  v  FMD 


i 
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would  exert,  if  each  particle  were  solicited  by^its  force  -r* 
The  question  is  therefore  reduced  to  the  fin^Ung  the  cunra- 

•""—'--•-— "-1 

in  its  different  parts. 

It  appears,  in  the  first  place,  that  no  pressure  is  exerted 
by  any  ef  the  particles  along  the  curve  FM :  for  suppose . 
that  the  particle  a  (Fig.  18.)  describes  the  defimtdy 
small  straight  line  a  £  in  the  first  instant,  and  ft  c  in  the 
second  instant;  produce  a  &  till  bd=ab^  and  joiiung  dc, 
the  motion  a  b  or  hd  may  be  oonndered  as  composed  of  £  c, 
which  the  particle  really  takes  in  the  next  instant,  and  a 
motion  dc  which  should  be  destroyed.  Draw  b  i  parallel  to 
dc^  and  %  e  perpendicular  to  6  c.  It  is  plun  that  the  par« 
tide  by  solicited  by  the  forces  be,  e  i  (equivalent  to  dc) 
should  be  in  equilibrio.  This  being  established,  b  i  must 
be  =  o,  that  is>  there  will  be  no  accelerating  or  retard- 
ing force  at  b ;  for  if  there  be,  draw  b  m  perpendicular 
to  £  F,  and  the  parallel  n  q  infinitely  near  it.  The  part 
&  n  of  the  fluid  contained  in  the  canal  b  n  q  m  would 
sustaih  some  pressure  from  b  towards  n,  or  from  n  towards 
b.  Therefore,  since  the  fluid  in  this  stagnant  canal  should 
be  in  equilibrio,  there  must  also  be  some  action,  at  least  in 
one  of  the  parts  bm^mq^qn^  to  counterbalance  the  action 
on  the  part  b  n.  But  the  fluid  is  stagnant  in  the  space 
FAM  (in  consequence  of  the  law  of  continuity)-  There- 
fore there  is  no  force  which  can  act  on  b  7«,  m  j,  qn  ;  and 
the  pressure  in  the  canal  in  the  direction  &  n  or  n  i  is  no- 
thing, (Fig.  1 7.)  or  the  force  b  Crz^Oy  and  the  force  i  e  is 
perpendicular  to  the  canal ;  and  there  is  therefore  no  pres- 
sure in  the  canal  FM,  except  what  proceeds  from  the  part 
y  F,  or  from  the  force  ei;  which  last  being  perpendicular 
to  the  canal,  there  can  be  no  force  exerted  on  the  point  M, 
but  what  is  propagated  from  the  part  y  F. 


BxnrrANCE  of  fluuml  989 

The  Telodty  therefore  in  the  canal  FM  is  constant  if 
finite^  or  infinitely  small  if  variable :  for,  in  the  first  case, 
the  iatce  be  would  be  absolutdy  nothing;  and  in  the  s^ 
oond  case  it  would  be  an  infinitesimal  of  the  second  order, 
and  may  be  considered  as  nothing  in  comparison  with  the 
Velocity,  which  is  of  the  first  ordeh  We  shall  see  by 
and  by  that  the  last  is  the  real  state  of  the  case.  There- 
fore the  fluid,  beA^re  it  begms  to  change  its  direction  in  F, 
begins  to  change  its  velocity  in  some  point  y  a^head  of  F, 
and  by  the  time  that  it  reaches  F  its  velodty  is  as  it  were 
annihilated. 

Cor.  1.  Therefore  the  pressure  in  any  point  D  (Fig  18.) 
arises  both  firom  the  retardations  in  the  part  y  F,  and  from 
the  particles  which  are  in  the  canal  MD :  as  these  last  move 

off 

along  the  surface  of  the  body,  the  force,  -r-»  destroyed  in 

every  particle,  is  compounded  of  two  others,  one  in  the 
direction  of  the  surface,  and  the  other  perpendicular  to  it ; 
call  these  p  and  j/.  The  point  D  is  pressed  perpendicu- 
larly to  the  surface  MD;  1st,  by  all  the  forces  p  in  the 
curve  MD ;  2d,  by  the  force  j?'  acting  on  the  single  point 
D.  This  may  be  neglected  in  comparison  of  the  indefi- 
nite number  of  the  others :  therefore  taking  in  the  arch 
MD,  an  infinitely  small  pordon  Nm  =  «,  the  pressure  on  D, 

perpendicular  to  the  surface  of  the  body,  will  be  =  fp  s ; 

and  this  fluent  must  be  so  taken  d^  to  be  =  o  in  the 
point  M. 

Cor,  2.  Therefore,  to  find  the  pressure  on  D,  we  must 
find  the  ibrce  p  on  any  point  N.  Let  u  be  the  velocity 
of  the  particle  N,  in  the  direction  N  m  in  any  instant,  and 
tt-f  tt  its  velocity  in  the  followng  instant;  we  must  have' 

Therefore  the  whole  questbn  is  reduced  to  find- 


i 

ing  the  velodty  u  in  etery  point  N,  in  the  direction 


niri"'-'T  ^hl  11111  iif  II  I  I' rimnniiiiiiM  iMiliigiii, 

i»-irhfch  th>  airthflr  diqphjs  tiw  atiawt 

MMBepCiM  «r  tiMnljiat,  tod 

Ui  iiMtiiinfltied  iflrijm    TTi  ■!  liiiiglli  luliglfi wii  i  c 

«tttiiAM nMeh MpntMCiw |m«mmoii  tijrliMfiliWii 

ao(*gemnlaBiuiwaneplbittUe«wiiieri  UrttelWniiii' 

il^  tf*AleiiiiMBrtJMs  not  bM^aUetti  csintili^  IhJ^artlpii 

jfMiA,  sfidi  aa  the  dbnstt  ni|iiili» m  «'plaBe'MMfiHft  iMIff 
knnerted  id  4te  iokL  •  Jlllliiil'ke  uftiiihM  to  dive|i<ii|! 
qpplyit  (bj  some  modificatioiis  and  subslitotioBe-ivliA; 
laltt  k  wt  ef  its  ttaito  ef  tKtnne  geMfa% 
kiqpiiito  ef  a  vein  of  fluid  on  «  plana  irlrieh  ihfciWi  te  ^rln%t 
abd  thoB  to  Aew  its  eoidbnmty  ta>  the  aolatio»  ^t9m4lf 
Daniel  Bernoulli,  and  to  obaervation  and  eiperienee.  Ha 
shows,  that  tfus  impulse  (independent  of  the  dclkiii'iMy 
aifauig  fimm  the  planers  not  bsiiig  of  infinite  epBln^  js 
aoneirinfc  less  Aan  the  %rag|il  of  a  oolumn  whose- tmi^i 
Aeteelan  of  the  rein,  and  whoss  height  is  twie»tlsi  iill 
aeoessary  for  communicating  the  vdoaty.  This  great  pfait 
losopher  and  geometer  concludes  by  saying,  that  he  doss 
not  believe  that  any  method  can  be  found  for  solvif^  tfaii 
problem  that  is  more  direct  and  »mple ;  and  imagines,  that 
if  the  deductiona  from  it  shall  be  found  not  to  agree  frith 
experiment,  we  must  give  up  all  hopes  of  determining  the 
leastanoe  of  fluids  by  theory  and  analytical  calculus.  He 
says  anafyticdl  cakuha ;  fbr  all  the  physical  prindples  on 
which  the  calculus  proceeds  are  rigorously  demonstrate 
and  will  not  admit  of  a  doubt.  These  is  only  one  hypo* 
thens  introduced  in  his  investigation,  and  this  is  not  a  phy- 
flcsl  hypothecs,  but  a  hypothesis  of  calculation.  It  is,  that 
the  quantities  winch  determine  the  ratios  of  the  second 
fJiyg'^^'M'  of  the  velocities,  estimated  in  the  directions  paral- 
Id  and  perpendicular  to  the  axis  AC  (Fig.  16.)  are  func^ 
tions  of  the  abmssa  AP,  and  ordinate  PM  of  the  curve. 
L         Any  person,  in  the  least  acquainted  with  mathematicd 
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analywi  will  fee^  that  without  this  fluppoudon  no  anilyns 
or  cilcolus  whatever  can  be  instituted.  But  let  ua  aee 
what  ia  the  phyiical  meaning  of  this  hypotheaiSb  It  ia 
ttBiply  this,  that  the  motion  of  the  particle  M  depends  on 
its  ntuation  only*  It  appears  impossible  to  form  any  other 
opinion;  and  if  we  eould  form  such  an  opinion,  it  is  as 
dear  as  day-light  that  the  case  is  desperate,  and  that  we 
must  reik>unce  all  hopes. 

We  are  sorry  to  bring  our  labours  to  this  condusiosi; 
but  we  are  of  opimon,  that  the  only  thing  that  remaimris, 
fiv  mathanaticians  to  attach  themselves  with  firmness  and 
▼igour  to  some  simple  cases;  and,  without  aiming  at  gen^ 
rality,  to  apply  M.  d^Alembert'^s  or  Bernoulli's  mode  oi 
procedure  to  the  particular  circumstances  of  the  case.  It 
is  not  improbable  but  that,  in  the  solutions  which  may  be 
obtained  of  these  particular  cases,  circumstances  may  occur 
which  Bre  o£  a  more  general  nature.  These  will  be  so 
many  laws  of  hydraulics  to  be  added  to  our  present  very 
scanty  stock;  and  these  may  have  points  of  resemblanoe^ 
which  will  give  birth  to  laws  of  still  greater  generality. 
And  we  repeat  our  expression  of  hopes  of  some  suocess, 
by  endeavouring  to  determine,  in  some  »mple  cases,  the 
minimum  possiUk  of  motion.  The  attempts  of  the  Jesuit 
commentatcMv  on  the  Principia  to  ascertain  this  on  the 
Newtonian  hypothecs  do  them  honour,  and  have  really 
given  us  great  assistance  in  the  particular  case  which  came 
through  their  hands. 

And  we  should  multiply  experiments  on  the  redistanoe 
of  bodies.  Those  of  the  French  academy  are  undoubtedly 
of  inestimable  value,  and  will  alwajrs  be  appealed  to.  But 
there  are  circumstances  in  those  experiments  which  render 
them  more  complicated  than  is  proper  for  a  general  theory, 
and  whidi  therefore  limit  the  conclusions  which  we  wish  to 
draw  £ix>m  them.  The  bodies  were  floatingcn  the  surCwe. 
This  greatly  modifies  the  drfectiona  of  the  filaments  of  wa* 
tar^  causfaog  some  to  deflM  laterally,  which  would  otherwise 
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have  remained  in  one  vertical  plane;  and  this  cireuin* 
stance  also  necessarily  produced  what  the  academicians 
called  the  remau^  or  accumulation  on  the  antecior  part  of 
the  body,  and  depression  behind  it.  This  produced  an 
additicmal  reostance,  which  was  measured  with  great  diffi- 
culty and  uncertainty.  The  effect  of  adhesion  must  also 
have  been  very  considerable,  and  very  different  in  the  dif* 
ferent  cases ;  and  it  is  of  difficult  calculation.  It  cannot 
perhaps  be  totally  removed  in  any  experiment,  and  it  is 
necessary  to'  conader  it  as  making  part  of  the  resistance  m 
the  most  important  practical  cases,  viz.  the  motion  of  diips. 
Here  we  see  that  its  efiect  is  very  great.  Every  seaman 
knows  that  the  speed,  even  of  a  copper-sheathed  slup,  is 
greaihf  increased  by  greasing  her  bottom.  The  difieronoe 
is  too  remarkable  to  admit  of  a  doubt :  nor  should  we  be 
surprised  at  this,  when  we  attend  to  the  diminution  of  the 
motion  of  water  in  IcHig  pipes.  A  smooth  pipe  four  and  a 
half  inches  diameter,  and  500  yards  long,  yields  but  one- 
fifth  of  the  quantity  which  it  ought  to  do  independent  of 
friction.  But  adhesion  does  a  great  deal  which  cannot  be 
compared  with  friction.  Wc  see  that  water  flowing  through 
a  hole  in  a  thin  plate  will  be  increased  in  quantity  fully 
one-third,  by  adding  a  little  tube  whose  length  is  about 
t¥rice  the  diameter  of  the  hole.  The  adhesion  therefore 
will  greatly  modify  the  action  of  the  filaments  both  on  the 
solid  body  and  on  each  other,  and  will  change  both  the 
forms  of  the  curves  and  the  velocities  in  different  points ; 
and  this  is  a  sort  of  objection  to  the  only  hypothesis  intro- 
duced  by  d^Alembert.  Yet  it  is  only  a  sort  of  objection ; 
for  the  effect  of  this  adhesion,  too,  must  undoubtedly  de- 
pend on  the  situation  of  the  particle. 

The  form  of  these  experiments  of  the  academy  is  ill- 
suited  to  the  examination  of  the  resistance  of  bodies  wholly 
immersed  in  the  fluid.  The  form  of  ex^x^rimcnt  adopted 
by  Robins  for  the  resistance  of  air,  and  afterwards  by  the 
Chevalier  Borda  for  water,  is  free  from  these  inconvenien- 
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oes,  and  is  susceptible  of  equal  accuracy.  The  great  ad- 
vaintage  of  both  is  the  exact  knowledge  whidi  they  give  us 
of  the  velocity  of  the  motion ;  a  circumstance  essentially 
necessary,  and  but  imperfectly  known  in  the  experiments 
of  Mariotte  and  others,  who  examined  quieteent  bodies  ex- 
posed to  the  action  of  a  stream.  It  is  extremely  difficult 
to  measure  the  velocity  of  a  stream.  It  is  very  different 
in  its  different  parts.  It  is  swiftest  of  all  in  the  middle 
superficial  filament,  and  diminishes  as  we  recede  from  this 
towards  the  ades  or  bottom,  and  the  rate  of  diminution  is 
not  precisely  known.  Could  this  be  ascertained  with  the 
necessary  predsion,  we  should  recommend  the  fdlowing 
form  of  experiment  as  the  most  simple,  easy,  economical, 
and  accurate : 

Let  a,  ft,  c,  d,  (Fig.  19.)  be  four  books  placed  in  a  ho- 
rizontal plane  at  the  comers  of  a  rectangular  parallelogram, 
the  sides  aft,  cd  being  parallel  to  the  direction  of  the 
stream  ABCD,  and  the  sides  a-b^  c  d  being  perpmdicular 
to  it  Let  the  body  6  be  fastened  to  an  axis  €f  of  stiff, 
tempered  steel-wir^  so  that  the  surface  on  which  the  fluid 
is  to  act  may  be  inclined  to  the  stream  in  the  precise  angle 
we  desire.  Let  this  axis  have  hooks  at  its  extremities, 
which  are  hitched  into  the  loops  of  four  equal  threads,  sus- 
pended from  the  hook  a,  ft,  c,  d;  and  let  He  be  a  fifth 
thread,  suspended  from  the  middle  of  the  line  joining  the 
pmnts  of  suspension  a,  ft.  Let  HIE  be  a  graduated  aich, 
whose  centre  is  H,  and  whose  plane  is  in  the  direction  of 
the  stream.  It  is  evident  that  the  impulse  on  the  body  G 
will  be  measured  (by  a  process  well  known  to  every  mathe^ 
matician)  by  the  deviation  of  the  thread  H  e  bom  the  ver- 
tical line  H I ;  and  this  will  be  done  without  any  intricacy 
of  calculation,  or  any  attention  to  the  centres  of  gravity, 
of  oscillation,  or  of  percusnon.  These  must  be  accurately 
ascertained  with  respect  to  that  form  in  whidi  the  pendu- 
lum has  always  been  empfeyed  for  measuring  the  impulse 
or  velocity  of  a  stream.    These  advantages  arise  fiom 
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the  circumstanoe,  that  the  axis  ef  renuons  always  paralM 
to  the  horizoD.  We  may  be  allowed  to  obsefre,  by  the 
bye,  that  this  would  have  been  a  great  iuiprovemeat  of  the 
beautiful  experiments  of  Mr  Robins  and  Dr  Hutton  on  the 
velocities  of  cannon^hot,  and  would  have  saved  mudi  in- 
tricate calculation,  and  been  attended  with  many  important 
advantages. 

The  great  difficulty  is,  as  we  have  observed,  to  measure 
the  velocity  of  the  stream.  Even  this  may  be  done  in  this 
way  with  some  precision.  Let  two  floating  bodies  be  drag- 
ged along  the  surface,  as  in  the  experiments  of  the  acade- 
my, at  some  distance  from  each  other  laterally,  so  that  the 
water  between  them  may  not  be  sensibly  disturbed.  Let 
a  horizontal  bar  be  attached  to  them,  transverse  to  the  dl* 
rection  of  their  motion,  at  a  proper  height  above  the  sur- 
face, and  let  a  spherical  pendulum  be  suspended  fiom 
this,  or  let  it  be  suspended  from  four  points,  as  hoie  de- 
scribed. Now  let  the  deviation  of  this  pendulum  be  noted 
in  a  variety  of  velocities.  This  will  give  us  the  law  of  re- 
lation between  the  velocity  and  the  deviation  of  the  pen- 
dulum. Now,  iu  making  experiments  on  the  resistance  of 
bodies,  let  tlie  velocity  of  the  stream,  in  the  very  filament 
in  which  the  resistance  is  measured,  be  determined  by  the 
deviation  of  this  pendulum. 

It  were  greatly  to  be  wi^ed  that  some  more  palpable 
argument  could  be  found  for  the  existence  of  a  quantity  of 
stagnant  fluid  at  the  anterior  and  (losterior  parts  of  the 
body.  The  one  already  given,  derived  from  the  consider- 
ation that  no  motion  changes  either  its  velocity  or  direction 
by  finite  quantities  in  an  instant,  is  unexceptionable.  But 
it  gives  us  little  information.  The  smallest  conceivable 
extent  of  the  curve  FM  in  Fig.  18,  will  answer  this  condi- 
tion, provided  only  that  it  touches  the  axis  in  some  point 
F,  and  the  body  in  some  point  M,  so  as  not  to  make  a  finite 
angle  with  either.  I]ut  surely  there  are  circumstances 
which  rigorously  determine  the  extent  of  this  stagnant 


£BtIST4NCK  OF  FLUUMb  8S9 

fluid  And  it  appean,  without  doubt,  that  if  there  were 
DO  oobesioa  or  frictioii,  this  space  will  have  a  detennined 
latio  to  the  size  of  the  body  (the  figures  of  the  bodiee  being 
siqppoeed  umilar).  Suppose  a  plane  ^surface  AB,  as  in 
f%.  1 U  there  can  be  no  doubt  but  that  the  figure  AaD6B 
will  in  every  case  be  similar.  But  if  we  suppose  an  adhe* 
sion  or  tenacity  which  is  constant,  this  may  make  a  change* 
both  in  its  extent  and  its  form  :  for  its  coostancr  of  tarm 
depends  on  the  disturbing  forces  being  always  sis  the 
squares  of  the  velocity ;  and  this  ratio  of  the  disturbing- 
f<»oes  is  preserved,  while  the  inertia  of  the  fluid  is  the  only 
ageaat  and  patient  in  the  process.  But  when  we  add.  to 
this  the  constant  (that  is,  invariable)  disturbing  feroe  of 
tenacity,  a  change  of  form  and  dimensions  must  hf^spen. 
In  like  manner,  the  friction,  or  something  analogous  to 
friction,  which  produces  an  effect  proportional  to  the  velo- 
city, must  alter  this  necessary  ratio  of  the  whole  disturbing 
forces.  We  may  conclude^  that  the  effect  of  both  these 
orcumstances  will  be  to  dimimsh  the  quantity  of  this  stag- 
nant fluid,  by  licking  it  away  externally ;  and  to  this  we 
must  ascribe  the  fact,  that  the  part  FAM  is  never  perfect- 
ly  stagnant,  but  is  generally  disturbed  by  a  whirling  mo- 
tion. We  may  also  conclude,  that  this  stagnant  fluid  will 
be  more  incurvated  between  F  and  M  than  it  would  have 
been,  independent  of  tenacity  and  friction ;  and  that  the 
arch  LR  will,  on  the  contrary,  be  less  incurvated.— 'And, 
lastly,  we  may  conclude,  that  there  will  be  something  op- 
ponte  to  pressure,  or  something  which  we  may  call  ahstraC' 
tiony  exerted  on  the  posterior  part  of  the  body  which  moves 
in  a  tenacious  fluid,  or  is  exposed  to  the  stream  of  such  a 
fluid ;  for  the  stagnant  fluid  LCR  adheres  to  the  surface 
LC ;  and  the  pasnng  fluid  tends  to  draw  it  away  both  by 
its  tenadty  and  by  ito  friction.  This  must  augment  die 
apparent  impulse  of  the  stream  on  sudi  a  body ;  and  it 
mist  greatly  augment  the  reststanoe,  that  is,  the  motion 
lost  by  this  body  in  its  pregress  through  Ae  tenaeieiia  fltnd? 
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for  the  body  must  drag  aloDg  with  it  this  gtagnint  fluid, 
and  drag  it  in  opposition  to  the  tenacity  and  fndioa  of  the 
surrounding  fluid.  The  efiect  of  this  is  most  lemarkably 
seen  in  the  resistances  to  the  motbn  of  ^penduhims ;  and 
the  Chevali^  Buat,  in  his  examination  of  NewUm^s  experi- 
ments, clearly  shews  that  this  constitutes  the  greatest  part 
of  the  reostance. 

This  most  ingenious  writer  has  paid  great  attention  to 
this  part  of  the  process  of  nature,  and  has  laid  the  foundik 
tion  of  a  theory  of  resistance  entirely  different  from  all 
the  preceding.  We  cannot  abridge  it ;  and  it  is  too  im- 
perfect in  its  present  condition  to  be  offered  as  a  body  of 
doctrine :  but  we  hope  that  the  ingenious  author  will  pro- 
secute the  subject. 


Ws  cannot  conclude  this  dissertation  (which  we  acknow- 
ledge to  be  very  unsatisfactory  and  imperfect)  better,  than 
by  giving  an  account  of  some  experiments  of  the  Chevali^ 
Buat,  which  seem  of  immense  consequcDce,  and  tend  to 
give  us  very  new  views  of  the  subject.  Mr  Buat  observed 
the  motion  of  water  issuing  from  a  glass  cylinder  through 
a  narrow  ring  formed  by  a  bottom  of  smaller  diameter ; 
that  is,  the  cylinder  was  open  at  both  ends,  and  there  was 
placed  at  its  lower  end  a  circle  of  smaller  diameter,  by 
way  of  bottom,  which  left  a  ring  all  around.  He  threw 
some  powdered  sealing-wax  into  the  water,  and  observed 
with  great  attention  the  motion  of  its  small  particles.  He 
saw  those  which  happened  to  be  in  the  very  axis  of  the 
cylinder  descend  along  the  axis  with  a  motion  pretty  uni- 
form, till  Uiey  came  very  near  tlie  bottom ;  from  this  they 
continued  to  descend  very  slowly,  till  they  were  almost  in 
contact  with  the  bottom ;  they  then  deviated  from  the  cen- 
tre, and  approached  the  orifice  in  straight  lines  and  with 
an  accelerated  motion,  and  at  last  darted  into  the  orifice 
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witli  great  lapicUty.  He  had  observed  a  thing  nmilar  to 
this  in  a  horizontal  canal,  in  which  he  had  set  up  a  small 
board  like  a  dam  or  bar,  over  which  the  water  flowed.  He 
had  thrown  a  gooaisherrj  into  the  water,  in  order  to  mea- 
sure the  velocity  at  the  bottom,  the  gooseberry  bemg  a 
small  matter  heavier  than  water.  It  approached  the  dam 
uniformly  till  about  three  inches  from  it  Here  it  almost 
stood  still,  but  it  continued  to  advance  till  almost  in  con- 
tact It  then  rose  from  the  bottom  along  the  inside  of 
the  dam  with  an  accelerated  motion,  and  quickly  escaped 
over  the  top. 

Hence  he  concluded,  that  the  water  which  covers  the 
anterior  part  of  the  body  exposed  to  the  stream  is  not  per- 
fectly stagnant,  and  that  the  filaments  recede  from  the 
axis  in  curves,  which  converge  to  the  surface  of  the  body 
as  difiSsrent  hyperbolas  converge  to  the  same  assymptote, 
and  that  they  move  with  a  velodty  continually  increasing, 
till  they  escape  round  the  ndes  of  the  body. 

He  had  established  (by  a  pretty  reasonable  theory,  con- 
firmed by  experiment)  a  proposition  concerning  the  pres- 
sure which  water  in  motion  exerts'  on  the  surfisice  along 
which  it  glides,  viz.  that  the  pressure  is  equal  to  thai  vshich 
U  would  exert  if  at  rest  minus  the  weight  qf  the  column 
whose  height  would  produce  the  velocity  of  ihe  passing 
stream.  Consequently  the  pressure  which  the  stream  ex- 
erts on  the  surface  perpendicularly  exposed  to  it  will  de- 
pend on  the  velocity  with  which  it  glides  along  it,  and  will 
diminish  from  the  centre  to  the  drcumference.  This,  says 
he,  may  be  the  reason  why  the  impulse  on  a  plane  wholly 
inmiersed  is  but  one  half  of  that  on  a  plane  which  deflects 
the  whole  stream. 

He  contrived  a  very  ingenious  instrument  for  examining 
this  theory.  A.  square  brass  plate  ABGF  (Fig.  20.)  was 
pierced  with  a  great  number  of  holes,  and  fixed  in  the  front 
of  a  shallow  box  represented  edgewise  in  Fig.  SI.  The 
back  of  this  box  was  jrieroed  wiUi  a  hole  C,  in  whidi  was 
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inserted  the  tube  of  glass  CDE,  bent  sqiuM  A  D. 
instrument  was  exposed  to  a  stream  of  water,  Wluch  beat 
on  the  brass  plate.  The  water  having  filled  the  box  through 
the  holes,  stood  at  ati  equal  height  in  the  glass  tube  irften 
the  surrounding  water  was  stagnant ;  but  when  it  was  in 
motion,  it  always  stood  in  the  tube  above  the  level  of  the 
smooth  water  without,  and  thus  indicated  the  pressure  oo^ 
casioned  by  the  action  of  the  stream. 

When  the  instrument  was  not  wholly  immersed,  there 
was  always  a  considerable  accumulation  against  the  front 
of  the  box,  and  a  depression  behind  it  The  water  hefote 
it  was  by  no  means  stagnant :  indeed  it  should  not  be^  as 
Mr  Buat  observes  ;  for  it  consists  of  the  water  which  was 
escaping  on  all  sides,  and  therefore  upwards  from  the  axis 
of  the  stream,  which  meets  the  plate  perpendicularly  in  C 
considerably  under  the  surface.  It  escapes  upwards ;  and 
if  the  body  were  sufficiently  immersed,  it  would  escape  in 
this  direction  almost  as  easily  as  laterally.  But,  in  the 
present  circumstances,  it  heaps  up,  till  the  elevatioti  occa- 
sions it  to  fall  off  sidewisc  as  fast  as  it  is  renewed.  When 
the  instrument  was  immersed  more  than  its  scmidiameter 
under  the  surface,  the  water  still  rose  al>ove  the  level,  and 
there  was  a  great  depression  immediately  behind  this  eleva- 
tion. In  consequence  of  this  difficulty  of  escaping  upwards, 
the  water  flows  off  laterally ;  and  if  the  horizontal  dimen- 
sions of  the  surface  is  great,  this  lateral  efflux  becomes  more 
difficult,  and  requires  a  greater  accumulation.  From  this 
it  happens,  that  the  resistance  of  broad  surfaces  equally 
immersed  is  greater  than  in  the  j)roportion  of  the  breadth. 
A  plane  of  two  feet  wide  and  one  foot  deep,  when  it  is  not 
completely  immersed,  will  be  more  resisted  than  a  plane 
two  feet  deep  and  one  foot  wide ;  for  there  will  be  an  ac- 
cumulation against  lx)th  ;  and  even  if  these  were  equal  in 
height,  the  additional  surface  will  be  greatest  in  the  widest 
body ;  and  the  elevation  will  be  greater,  because  the  late- 
ral escape  is  more  difficult. 
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The  ciicumstances  chiefly  to  be  attended  to  are  these  : 
The  pressure  on  tlie  centre  was  much  greater  than  to« 
wards  the  border,  and,  in  general,  the  height  of  the  water 
in  the  tube  D£  was  more  than  ^  of  the  height  necessary  for 
producing  the  velocity  when  only  the  central  hole  was  open. 
When  various  holes  were  opened  at  different  distances  from 
the  centre,  the  height  of  the  water  in  DH  (Fig.  23.)  conti- 
nually  diminished  as  the  hole  was  nearer  the  border.  At  a  cer« 
tain  distance  from  the  border  the  water  at  £  was  level  with 
the  surrounding  water,  so  that  no  pressure  was  exerted  on 
that  hole.  But  the  most  unexpected  and  remarkable  circum- 
stance was,  that  in  great  velocities,  the  holes  at  the  very 
border,  and  even  to  a  ^rnall  distance  from  it,  not  only  sus- 
tained no  pressure,  but  even  gave  out  water ;  for  the  wa- 
ter in  the  tube  was  lower  than  the  surrounding  water.    Mr 
Bqat  calls  this  a  non-pressum.     In  a  case  in  which  the  ve- 
locity of  the  stream  was  three  feet,  and  the  pressure  on  the 
central  hole  caused  the  water  in  the  vertical  ti^be  to  stand 
3S  lines  or  f§  of  an  inch  above  the  level  of  the  surround- 
ing smooth  water,  the  action  on  a  hole  at  the  lower  comer 
of  the  square  caused  it  to  stand  IS  lines  lower  tlian  the 
surrounding  water.    Now  the  velocity  of  the  stream  in  tliis 
experiment  was  36  inches  per  second.     This  requires  21^ 
lines  for  its  productive  fall;  whereas  the  pressure  on  the- 
central  hole  was  33.     This  ^proaches  to  tlie  pressure  on 
a  surface  which  deflects  it  wholly.     The  intermediate  holes 
gave  every  variation  of  pressure,  and  the  diminution  was 
more  rapid  as  the  holes  were  nearer  the  edge ;  but  the  law 
of  diminution  could  not  be  observed. 

This  is  quite  a  new  and  most  unexpected  circumstance 
in  the  action  of  fluids  on  solid  bodies,  and  renders  the  sub- 
ject more  intricate  than  ever ;  yet  it  is  by  no  means  incoQ- 
sistent  with  the  genuine  principles  of  hydrostatics  or  hy- 
draulics. In  as  far  as  M.  Buat^s  proposition  concerning 
the  pressure  of  moving  fluids  is  true,  it  is  very  reasonably 
to  say,  that  when  the  lateral  velocity  with  which  the  fluid 


tends  tqcM^  ezendi  tfw'vdotaty  orpcrcus^on,  tlie  hei^^ 
mgeemmry  for  produo^^  tUi  velocity  must  exceed  thui 
vUdi  would [mdiiop  me oth^,  aud  a  non-pression  musl  be. 
atHBcrvei  '  And  if  we  eonnder  the  formg  of  the  lateral  Sl»- 
nenfi  oear  the  edge  of  die  bodj,  we  see  that  the  conc&vi^ 
of  the  curre  i>  toned  towarda  the  body,  and  that  the  ceiw 
tnfilga]  torn*  tend  to  dhniniih  their  pressure  on  the  bot^ 
tf  the  middle  ilone  weie  rtnidc  with  a  considerable  vdp? 
QLtff  the  water  mi^t  even  rebound,  as  is  frequently  ol?. ' 
■erved.  Tim  aduat  r^XHwdu^  Is  here  prevented  by  tH? 
mmimding  witer,  ^Udi  is  moving  with  the  same  velo^ 
cit^ :  but  Uk  jveviite  may  be  almost  annihilated  by  tbe 
tandoKf  tp  rebound  of  the  inner  fitameoiB. 

part  (and  peili^M  a  coosderaUe  part)  of  dua  aj»K«at 
■OD-fnavon  is  undrabtedly  produwd  by  die  teofeq^  of 
the  water,  whidi  licks  off  nth  it  the  water  lying  m  & 
liale.  But,  at  aajritte,  this  is  an  important  £■c^aa3||ifei 
ijraat  Talue  to  theie  experiments.  It  ^ves  a  key  to  nuv 
cmious  pbenomena  in  the  reriitance  of  fliuds;  nitf  ne 
theory  of  Mr  Buat  deserves  a  very  serious  consideradoo. 
It  is  all  oontuned  in  the  two  following  propositions:  ' 

1.  "  Ifitf  oiMf  caute  whatever,  a  column  qfjUiid,  mhe- 
titer  making  part  ^  an  ind^niie  ^md,  or  contained  in 
toUdamals,  come  to  move  with  a  given  velocify,  iheprea~ 
sure  which  it  Exerted  lateralbf  btfore  iU  motion^  either  on 
the  adfoining^fiad  or  on  the  aides  of  the  canal,  u  difflinwft- 
edb^  the  weight  (^  a  column  having  Hie  height  neceaiary 
Jbr  commimicatiitg  the  veloaiy  ^the  motion. 

t.  "  The  preeiure  on  the  centre  of  a  plane  aarfaee,  j>er- 
pmdiadar  to  the  ttream,  and  lehoQy  immersed  «n  £/,  it 
gi^  the  weight  of  a  column  having  the  height  neeeaaary 
Jftr  ammunicatiug  the  velocity.    For  33  w  f  3^  SI  j." 

He  attempted  to  ascertain  the  medium  pressure  on  the 
whole  surface,  by  opening  625  holes  dispersed  all  over  iL 
With  tbe  some  velodty  of  current,  he  found  tbe  b«ght  in 
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the  tube  to  be  29  lines,  or  7^  more  than  the  haght  neces- 
sary for  producing  the  velodty.  But  he  justly  concluded 
this  to  be  too  great  a  measure,  because  the  holes  were  i  of 
an  inch  from  the  edge:  had  there  been  holes  at  the  very 
edge,  they  would  have  sustained  a  non-pression,  which 
would  have  diminished  the  hdght  in  the  tube  very  conn- 
derably.  He  exposed  to  the  same  stream  a  conical  funnel,* 
which  nused  the  water  to  84  lines.  But  this  could  not  be 
considered  as  a  measure  of  the  pressure  on  a  plane  solid 
surface ;  for  the  central  water  was  undoubtedly  scooped 
out,  as  it  were,  and  the  filaments  much  more  deflected  than 
they  would  have  been  by  a  plane  surface.  Perhaps  some- 
thing of  this  happened  even  in  every  small  hole  in  the  for- 
mer  experiments.  And  this  suggests  some  doubt  as  to  the 
accuracy  of  the  measurement  of  the  pressure,  and  of  the 
velodty  of  a  current  by  Mr  Pito^s  tube.  It  surely  ren« 
ders  some  corrections  absolutely  necessary.  It  is  a  fact, 
that  when  exposed  to  a  vein  of  fluid  coming  through  a 
short  passage,  the  water  in  the  tube  stands  on  a  level  with 
that  in  the  reservoir.  Now  we  know  that  the  velocity  of 
this  streiam  does  not  exceed  what  would  be  produced  by  a 
fall  equal  to  ^Vo  ^^  ^be  head  of  water  in  the  reservoir.  Mr 
Buat  made  many  valuable  observations  and  improvements 
on  this  most  useful  instrument,  which  will  be  taken  notice 
of  in  the  articles  Riv£rs  and  Watbb-Wosks. 

Mr  Buat,  by  a  scrupulous  attention  to  all  the  circum- 
stances, concludes,  that  the  medium  of  pressure  oa  the 

25.6 
whole  surface  is  equal  to-^r^  of  the  weight  of  a  column, 

having  the  surface  for  its  base,  and  the  productive  fall  for 
its  h^ght.  But  we  think  that  there  is  an  uncertainty  in 
this  conclusion ;  because  the  height  of  the  water  in  the 
vertical  tube  was  undoubtedly  augmented  by  an  hydrosta- 
tical  pressure  arising  from  the  accumulation  of  water  above 
the  body,  which  was  exposed  to  the  stream. 

Since  the  pressures  are  as  the  squares  of  the  velocities,  or 
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ks  the  hoghts  h  which  produce  the  vehxities,  ire  may  ex- 

255 
press  this  pressure  by  the  symbol  ^~k  '*»  ^'  1.186  A,  or 

mft,  the  value  of  m  bdng  1.186.  This  exoeefti  ottander- 
ably  the  results  of  the  experiments  of  the  French  academy. 
In  these  it  does  not  appear  that  m  sensibly  exceeds  unity. 
Note,  that  in  these  experiments  the  body  was  moved 
through  still  water ;  here  it  is  exposed  to  a  stream.  These 
are  generally  supposed  to  be  equivalent,  on  the  authority  rf 
the  third  law  of  motions.  We  shall  by  and  by  see  some 
causes  of  difference. 

The  writers  on  this  subject  seem  to  think  their  task  oom- 
pileted  when  they  have  considered  the  action  of  the  fiiud 
on  the  anterior  part  of  the  body,  or  that  part  of  it  which  is 
before  the  broadest  section,  and  have  paid  little  <Nr  no  at- 
tention to  the  hinder  part.     Yet  those  who  are  most  inte- 
rested m  the  subject,  the  naval  architects,  seem  convinced 
that  it  is  of  no  less  importance  to  attend  to  the  form  of  the 
hinder  part  of  a  ship.     And  the  universal  practice  of  all 
nations  has  been  to  make  the  hinder  part  more  acute  than 
the  fore-part.     This  has  undoubtedly  been  deduced  from 
experience;  for  it  is  in  direct  opposition  to  any  notions 
which  a  person  would  naturally  form  on  this  subject.     Mr 
Buat  thcreibre  thought  it  vciy  necessary  to  examine  the 
action  of  the  water  on  the  hinder  part  of  a  body  by  the 
same  method.     And  previous  to  this  examination,  in  order 
to  acquire  some  scientific  notions  of  llic  subject,  he  made 
the  following  very  curious  and  instructive  experiment : 

Two  little  conical  pipes  AB  (Fig.  22.)  were  inserted  into 
the  upright  side  of  a  prismatic  vessel.  They  were  an  inch 
long,  and  their  diameters  at  the  inner  and  outer  eiids  were 
five  and  four  lines.  A  was  57  lines  under  the  surface, 
and  B  was  78.  A  glass  syphon  was  made  of  the  shape 
represented  in  the  figure,  and  its  internal  diameter  was  1 J 
lines.  It  was  placed  with  its  mouth  in  the  axis,  and  even 
with  the  base  of  the  conical  pipe.     The  pipes  being  shut, 
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the  vasael  wm  filled  wit^  water,  and  it  wna  made  to  stand 
ona  levd  in  the  two  leg9  of  the  syphon,  the  upper  part  be- 
ing full  of  air.  When  this  syphon  was  applied  to  the  pipe 
A,  and  the  water  running  freely,  it  rose  S3  lines  in  tl>^ 
short  leg,  and  sunk  as  mueh  in  the  other.  When  it  was 
applied  to  the  ppe  B,  the  water  rose  41  lines  in  the  one  leg 
of  the  sjrphon,  and  sunk  as  iQucb  in  the  other. 

He  reaacuu  in  this  manner  from  the  experiment.  The 
ring  ccnnprehended  between  the  end  of  the  syphon  and 
the  ades  of  the  conical  tube  being  the  narrowest  part  of 
the  orifioe,  the  water  issued  with  the  velocity  correspond- 
ing to  the  hright  of  the  water  in  the  yessel  above  the  ori- 
fice, diminished  for  the  contraction.  If  therefore  the  cy- 
linder of  water  immediatdy  before  the  ^iputh  of  the  sy- 
jhaa  issued  with  the  saile  velocity,  jthe  tube  would  be 
emptied  through  a  hioght  eqyal  to  this  heap  of  wATsa 
(charge.)  If,  on  the  coatr^,  ithis  cylinder  of  wtfer, 
immediately  before  the  woutb  of  the  sj^hon,  were  stag- 
nant, the  water  in  it  would  exeijt  ita  full  pressure  on  the 
moudi  of  the  syphon,  and  the  water  in  the  syphon  would 
be  level  with  the  water  in  the  vessd.  Between  these  ex- 
tremes we  must  find  the  real  state  of  the  case,  and  we  must 
measure  the  force  of  ncm-pressure  by  the  rise  of  the  water 
in  the  syphon. 

We  see  that  in  both  ejiperiments  it  bears  an  accurate  pro- 
portion to  the  depth  under  the  surface.  Fgir  57 :73  = 
82 :  41  very  nearly.  He  therefore  estimates  the  nourpres- 
sure  to  be  ^^jj  of  the  height  of  the  water  above  the  odrifice. 

We  are  disposed  to  think  that  the  ingenious  amth9r  has 
not  reasoned  accurately  from  the  experiment.  In  the  fir^t 
place,  the  force  indicated  by  the  experiment,  wl^itevjer  Jbe 
its  origin,  is  certainly  double  of  what  he  supposes;  for  it 
must  be  measured  by  the  sum  of  the  rise  of  the  water  in 
one  leg,  and  its  depresnon  ^i  -the  other,  tl^  weigh,t.of  the 
air  in  the  bend  of  . 'the  syphcm  being  neglected.  It  i^  pne- 
dsely  analogous  to  itbeAvoe  fl^ng  qn  the  water ,opfflllating 
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ek^iCktt  And  d^prwNiL  Tfcefcw  adBeahrirhyAmii^ 
pttiiiNiiit thmibre ifl-Ht  of  tte  hcighfeiif  Aemiitf 
duforifloe.  The  fttoe  exhilited in tbb oqpMMA 
ft  itill  gMOtr  pwpurthm  to  Ae  pradnelira^liiig^  iriidb 
is  MTlaitt  tlMA  die  weter  iBd  m^  iMM  witfa'diiHaiMtif  ■ 
qidred  bj  llie  ftU  finom  llie  en^fSne^  and  pnfaaklgrdid^M^ 
enaeed  |  of  it  -The cAbdcf  eootnoim moitfaittlMw: 
dcHNiderelde  end  uDooteb.  •  Tbtf  Tdodi^'  dmilAjlive' 
been  neeimed  both  bj  die  amplitade  of-  die  jet' ad 
bydieqtuniiljofweterdiecherged.  In  the  neztpia^i 
weiqiprriMod  that  mudi  of  die  dbct  is prodikoed bj the 
tflBadtyof  die' water,  Which  drags  akmg.vidi  it^lhe^ 
water  whidi  would  hare  skmlj  ianied-  from  die  .Bypiaa% 
had  die  Mher  «id  not  dipped  idb  die  water  of  d»  ^hrL 
We  know;  diat  if  the  horiaontal  part  of  the  vfphoK  had 
been  codtinaed  &r  enough,  and  if  no  retardadon:  wnee  '00> 
oaik»ed'b]rfriedon,  theoolumn  of  water  in  theapn^ 
legwonld  hate  ao6ekrated  like  any  hea?jbod]r;  andnhen* 
die  htft  of  it  had  arrived  at  the  bottom  of  that  leg,  the 
whole  in  the  horizontal  part  would  be  moving  with  the  ve- 
lodty  acquired  by  falling  from  the  surface.  The  watar  of 
the  vessel  which  issues  through  the  surrounding  ring  very 
quickly,  acquires  a  much  greater  velocity  than  what  the 
water  descending  in  the  syphon  would  acquire  in  the  same 
time,  and  it  drags  this  last  water  along  with  it  both  by  te* 
nadty  and  friction,  and  it  drags  it  out  till  its  acdon  is  op- 
posed by  the  want  of  equilibrium  produced  in  the  syphon, 
by  the  devation  in  the  one  leg  and  the  depression  in  the 
other.  We  imagine  that  little  can  be  conduded  from  the 
experiment  with  respect  to  the  real  non-pressure.  Nay,  if 
the  sides  of  the  syjdbon  be  supposed  infinitely  thin,  so  that 
diere  would  be  no  curvature  of  the  filaments  of  the  sur- 
rounding water  at  the  mouth  of  the  syphon,  we- do. not  very 
distinethir  see  any  souree  of  non^pressure :  F(np> we  are  not 
altogedier  satisfied  with  the  pmif  which  Mr  Boat  offers 
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for  this  measure  of  the  pressure  cyf  a  stream  of  fluid  gliding 
along  a  surface,  and  6b$trucUd  by  JridiUm  or  any  other 
cause.  We  imagine  that  passing  water  in  the  present  ex- 
periment would  be  a  little*  retarded  by  accelerating  conti- 
nually the  water  descending  in  the  syphcm,  and  renewed 
a-top,  supposing  the  upper  end  open ;  because  this  water 
would  not  of  itself  acquire  more  than  half  this  Telocity.  It 
however  drags  it  out,  till  it  not  only  resists  with  a  force 
equal  to  the  weight  of  the  whole  yertical  ccdumn,  but  even 
exceeds  it  by  ^Vo*  ^^^^  ^^  ^^  ^^  ^  ^^  because  the  whole 
pressure  by  which  the  water  issues  from  an  onSce  has  been 
shown  (by  Daniel  Bernoulli)  to  be  equal  to  twice  this 
weight.  We  therefore  connder  this  beautiful  experiment 
as  chiefly  valuable,  by  giving  us  a  measure  of  the  tenacity 
of  the  water ;  and  we  wish  that  it  were  repeated  in  a  va- 
riety of  depths,  in  order  to  discover  what  rdation  the 
force  exerted  bears  to  the  depth.  It  would  seem  that  the 
tenacity,  being  a  certain  determinate  thing,  the  propor- 
tion of  100  to  112  would  not  be  constant;  and  that  the 
observed  ratio  would  be  made  up  of  two  parts,  one  of  them 
constant,  and  the  other  proportional  to  the  depth  under  the 
surface. 

But  still  this  experiment  is  intimately  connected  with  the 
matter  in  hand;  and  this  apparent  non-pressure  on  the 
hinder  part  of  a  body  exposed  to  a  stream,  from  whatever 
causes  it  proceeds,  does  operate  in  the  action  of  water  on 
this  hinder  part,  and  must  be  taken  into  the  account 

We  roust  therefore  follow  the  Chevalier  de  Buat  in  his 
discusrions  on  this  subject  A  prismatic  body,  having  its 
prow  and  poop  equal  and  parallel  surfaces^  and  pFunged 
horizontally  into  a  fluid,  will  require  a  force  to  keep  it  firm 
in  the  direction  of  its  axis  precisely  equal  to  the  diffisrence 
between  the  real  pressuFes  exerted  on  its  prow  and  poop. 
If  the  fluid  is  at  rest,-  this  difiierenoe  will  be  nothings  be- 
cause the  oppofiite  dead  pressures  of  the  fluid  will-bis  eqoal : 
but  in  a  stream,  there  is  superadded  to  the  dead  preaure 
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«M%  fay  tlM  pocfart  rt^pMliiv«f  dw  ii«tw.)ieM^»^ 

^VaaV^K*    V^mA^^Hp^V    ftn^^^^^B^V    ^fBB    sb^^  ^^^pw  ,  ^V^V^^^  v^^^'^^^r  \^nfl^^T 

other  hand*  ve  oonld  juddom  tliai  the  vatMK.bdfaiiid.  tfit 
bodf  mofed  cmrtwuwHjF  Mfty  finom  M  (bwv  xivifmAh^ 
tanUj)with  the  vdodb^  of  the  ■tNiiDy  thp  4Md  jy  jpHW 
mmld  be  enliiel j  zemo^  Ann  iti  poop^  end  th^  wink 
•■Mifale  pBBewn^  or  vhafc  Biuat  be  4ippMd  by  eonw  «|M> 
aalfine,  would  be  mA-i^  Neither  of  theie  on  h^ppj 
and  die  nel  itale  of  the  OMe  iiwut  be  betwpm  thcie.np 


Hie  fidkming  expensMnts  trane  dried:  The.pfB^fi^ 
with  its  vertical  tube  was  exposed  to  the  atreepi^ihf 
pbte  being  turned  down  the  stream.    The  ffdaat|f 
ma  epm  S6  iadies  per  eeeond. 
The  oentral  hole  A  done  beui^  opeoedf  gam  m  MV 
pressure  of  *  -  13  loie& 

A  hole  B,  f  of  an  inch  from  the  edge,  gave       15 
A  hole  C  near  the  surface  -  15.7 

A  hcde  D,  at  the  lower  angle  -  15.3 

Here  it  appears  that  there  is  a  very  considerable  aon- 
pressure,  increasing  frcxn  the  centre  to  the  border.  This 
increase  undoubtedly  proceeds  from  the  greater  lateral  ve- 
locity with  which  the  water  is  gliding  in  from  the  sides. 
The  water  behind  was  by  no  means  stagnant,  although 
moving  off  with  a  much  smaller  velocity  than  that  of  the 
pasnng  stream,  and  it  was  visibly  removed  from  the  adee^ 
and  gradually  lidded  away  at  its  further  extremity. 

Another  box,  having  a  greater  number  of  holes,  aU 
open,  indicated  a  medium  of  non^-pressure  equal  to  13} 
lines. 

Another  of  hucger  dimenaons,  but  Jbaving  fewer  hole% 
iadicatqd  a  non.prenuie«of  12^. 
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Bvrt  the  most  remariLaUe,  aod  the  mott  knportaiit  {ihe* 
nomena,  were  the  fbQowing: 

The  first  box  was  fixed  to  the  side  of  another  box,  so 
that,  when  all  was  made  smooth,  it  made  a  perfect  cube^ 
of  which  the  perforated  brass  plate  made  the  poop. 

The  apparatus  being  now  exposed  on  the  stream,  with 
the  perforated  plate  looking  down  the  stream, 
'  The  hole  A  indicated  a  non-impression        -        =  7.8 
B  .  .  .  8 

€  .  -  .  -         6 

Here  was  a  great  diminution  of  the  non-presnons  pro- 
duced by  the  distance  between  the  prow  and  the  poop. 

This  box  was  then  fitted  in  the  same  manner,  so  as  to 
make  the  poop  of  a  box  three  feet  long.  In  thb  ntuation 
the  non-pressures  were  as  fbUow : 

Hole  A  .  -  .       '  l.« 

B  -  -  .  •  5.« 

The  non-presdons  were  stiU  farther  diminished  by  this 
increase  of  len^h. 

The  box  was  then  exposed  with  all  the  holes  open,  in 
three  difiereilt  -situations : 

1st,  Single,  giving  a  non-pressure  -  18.1 

2d,  Making  the  poop  of  a  cube        -  -  6.8 

8d,  Making  the  poop  of  a  box  three  feet  long  8.0 

Another  larger  box : 

1st,  Smgle  .  -  .  12.2 

2d,  Poop  of  a  cube  -  -  -  fi. 

^,  Poop  of  the  king  box  -  -  3.2 

These  are  most  valuable  experiments.  They  plainly 
show  how  important  it  is  to  oonnder  the  action  on  the  hin- 
der part  of  the  body.  For  the  whole  impulse  or  resist- 
ance, which  must  be  withstood  or  overcome  by  the  exter- 
nal force,  is  the  sum  of  the  active  pressure  on  the  fore- 
part, and  of  the  non^pressure  cin  the  hinder-parf;  and 
they  show  that  this  does  not  depend  solely  on  the  form  of 
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the  prow  and  poop,  but  also,  and  perhaps  chiefly,  on  the 
length  of  the  body.  We  see  that  the  non-pressure  on  the 
hinder-part  was  prodigiously  diminished  (reduced  to  one- 
fourth)  by  making  the  length  of  the  body  triple  of  the 
breadth.  And  hence  it  appears,  that  merely  lengthening 
a  ship,  unthout  making  any  change  in  the  form  either  of 
her  prow  or  her  poop,  will  greatly  diminfsh  the  resistance 
to  her  motion  through  the  water;  and  thi^  increase  of 
length  may  be  made  by  continuing  the  form  of  the  mid- 
ship frame  in  several  Umbers  along  the  keel,  by  which  the 
capacity  of  the  ship,  and  her  power  of  carrying  sail,  will  be 
greatly  increased,  and  her  other  qualities  improved,  while 
her  speed  is  augmented. 

It  is  surely  of  importance  to  consider  a  little  the  physi- 
cal cause  of  this  change.  The  motions  are  extremely  com- 
plicated, and  we  must  be  contented  if  we  can  but  perceive 
a  few  leading  drcumstances. 

The  water  is  turned  aside  by  the  anterior  part  of  the 
body,  and  the  velocity  of  the  filaments  is  increased,  and 
they  acquire  a  divergent  motion,  by  which  they  also  push 
aside  the  surrounding  water.  On  each  side  of  the  body, 
therefore,  they  are  moving  in  a  divergent  direction,  and 
with  an  increased  velocity.  But  as  they  arc  on  all  sides 
pressed  by  the  fluid  without  thera,  their  motions  gnulually 
approach  parallelism,  and  their  velocities  to  an  equality 
with  the  stream.  The  progressive  velocity,  or  that  in  the 
direction  of  the  stream,  is  checked,  at  least  at  first.  But 
since  we  observe  the  filaments  constipated  round  the  body, 
and  that  they  are  not  deflected  at  right  angles  to  their  for- 
mer direction,  it  is  plain  that  the  real  velocity  of  a  filament 
in  its  oblique  path  is  augmented.  We  always  observe, 
that  a  stone  lying  in  the  sand,  and  exposed  to  the  wasli  of 
the  sea,  is  Isdd  bare  at  the  bottom,  and  the  sand  is  gene- 
rally washed  away  to  some  distance  all  round.  This  is 
owing  to  the  increased  velocity  of  the  water  which  comes 
into  contact  with  the  stone.     It  takes  up  more  sand  than 
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it  can  keep  floating,  and  it  deposites  it  at  a  little  distance! 
all  around,  forming  a  little  bank,  which  surrounds  the 
stone  at  a  small  distance.  When  the  filiunents  of  water 
have  passed  the  body,  they  are  pressed  by  the  ambient 
fluid  into  the  place  which  it  has  quitted,  and  they  glide 
round  its  stem,  and  fill  up  the  space  behind.  The  more 
divergent  and  the  more  rapid  they  are,  when  about  to  fall 
in  behind,  the  more  of  the  circumambient  pressure  must 
be  employed  to  turn  them  into  the  trough  behind  the  bo- 
dy, and  less  of  it  will  remain  to  press  them  to  the  body  it- 
self. The  extreme  of  this  must  obtain  when  the  stream  is 
obstructed  by  a  thin  plane  only.  But  when  there  is  some 
distance  between  the  prow  and  the  poop,  the  divergency 
of  the  filaments  which  had  been  turned  aside  by  the  prow 
is  diminished  by  the  time  that  they  have  come  abreast  of 
the  stem,  and  should  turn  in  behind  it.  They  are  there- 
fore more  readily  made  to  converge  behind  the  body,  and 
a  more  considerable  part  of  the  surrounding  pressure  re- 
mains unexpended,  and  therefore  presses  the  water  against 
the  stem ;  and  it  is  evident  that  this  advantage  must  be 
so  much  the  greater  as  the  body  is  longer.  But  the  ad- 
vantage will  soon  be  susceptible  of  no  very  considerable 
increase :  for  the  lateral,  and  divergent,  and  accelerated* 
filaments,  will  soon  become  so  nearly  parallel  and  equally 
rapid  with  the  rest  of  the  stream,  that  a  great  increase  of 
length  will  not  make  any  considerable  change  in  these  par« 
ticulars ;  and  it  must  be  accompanied  with  an  increase  of 
friction. 

These  are  very  obvious  reflections.  And  if  we  attend 
minutely  to  the  way  in  which  the  almost  stagnant  fluid  be- 
hind the  body  is  expended  and  renewed,  we  shall  see  aU 
these  efiects  confirmed  and  augmented.  But  as  we  cannot 
say  any  thing  on  this  subject  that  is  precise,  or  that  can  be 
made  the  subject  of  computation,  it  is  needless  to  enter 
into  a  more  minute  discusabn.  The  diminution  of  the 
nonrpressure  towards  the  centre  most  probably  arises  fixiiDL 
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the  smaller  force  which  is  neceasary  to  be  expended  in  the 
inflecti^Mi  of  the  lateral  filaments,  already  inflertfd  in  some 
d^ree,  and  having  th^  velocity  diminidied.  But  it  is  a 
subject  highly  deserving  the  attention  of  the  mathemati- 
cians ;  and  we  presume  to  invite  them  to  the  study  of  the 
motions  of  these  lateral  filaments,  pasnng  the  body,  and 
pressed  into  its  wake  by  forces  which  are  susceptible  of  no 
di£Scult  investigation.  It  seems  highly  probable,  that  if  a 
pismatic  box,  with  a  square  stem,  were  fitted  with  an  ad* 
dition  precisely  shaped  like  the  water  which  would  (ab^ 
stracting  tenacity  and  fiiction)  have  been  stagnant  behind 
it,  the  quantity  of  non-presaon  would  be  the  small- 
est pofl^ble.  The  mathematician  would  surely  discover 
circumstances  which  would  furnish  some  maxims  of 
construction  for  the  hinder  part  as  well  as  for  the  prow. 
And  as  his  speculations  on  this  last  have  not  been  wholly 
fruitless,  we  may  expect  advantages  from  his  attention  to 
this  part,  so  much  n^lected. 

In  the  meantime,  let  us  attend  to  the  deductions  which 
Mr  de  Buat  has  made  from  his  few  experiments. 

When  the  velocity  is  three  feet  per  second,  requiring 
the  productive  height  21.5  lines,  the  heights  correspond- 
ing to  the  non-pressure  on  the  poop  of  a  thin  plane  is 
14.41  lines  (taking  in  several  circumstances  of  judicious 
correction,  which  we  have  not  mentioned),  that  of  a  foot 
cube  is  5.83,  and  that  of  a  box  of  triple  length  is  3.31. 

Let  q  express  the  variable  ratio  of  these  to  the  height 
producing  the  velocity,  so  that  q  h  may  express  the  non- 
pressure  in  every  case ;  we  have, 

For  a  thin  plane  -  _  .  g=0.67 

a  cube  -  -  -  -  0.271 

a  box  =  3  cubes  ...         0.15S 

It  is  evident  that  the  value  of  q  has  a  dependence  on 
the  proportion  of  the  lengtli,  and  the  transverse  section  of 
tlie  body.  A  series  of  experiments  on  prismatic  lx)dies 
showed  Mr  de  Buat  that  the  deviation  of  the  filxunents  was 
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tfttilar  in  nmilar  bodies^  and  that  tfaii  obtemed  even  ia 
dmimibr  priams,  wben  the  lengths  were  as  the  squaxe- 
roots  of  the  tranverse  sectioDs.  -  Although  theiefi>re  the 
txperiments  were  not  sufficiently  numerous  fiir  deducing 
the  precise  law^  it  seemed  not  impossible  to  derive  ficom 
them  a  very  useful  approximation.  By  a  dexterous  com- 
parison he  found  that  if  I  expresses  the  length  of  the 
prism,  and  « the  area  of  the  transverse  seotknit  and  L  ex- 
presses the  eommon  logarithm  of  the  quantity  to  which 
it  is  prefixed,  we  diall  express  the  noDp-pressuie  pretty  ac- 
curately by  the  formula  —  =  L  f  1.42 j. 

Hence  arises  an  important  remaric,  that  when  the  height 
corresponding  to  the  non-presaon  is  greater  than  s^s^  and 
the  body  is  little  immersed  in  the  fluid,  there  will  be  a 
void  behind  it  Thus  a  surface  of  a  square  inch,  just  in»* 
mersed  in  a  currrent  of  three  feet  per  second,  will  have  a 
void  behind  it  A  foot  square  will  be  in  a  similar  condi- 
tion when  the  velocity  is  IS  feet 

We  must  be  oareAil  to  distinguish  this  non^presBure  fixxn 
die  other  causes  of  resistance,  which  are  always  necessarily 
combined  with  it  It  is  superadditive  to  the  active  im- 
presricm  on  the  piDW,  to  the  statical  pressure  of  the  acctt* 
mutation  aJiead  of  the  body,  the  statical  pressure  arising 
ttom  the  depression  behind  it,  the  effects  of  friction,  and 
the  effieets  of  tenacity.  It  is  indeed  next  to  impossible  to 
estitnate  them  separately,  and  many  of  them  are  actually 
combined  in  the  measures  now  given.  Nothing  can  de- 
termine the  pure  non-pressures  till  we  can  ascertain  the 
mo^ns  of  the  filaments. 

Mr  de  Bust  here  takes  occarion  to  controvert  the  univer- 
sally adopted  maxim,  that'  the  pressure  occamned  by  a 
itream  of  fluid  on  a  fixed  body  is  the  same  with  that  on  a 
body  moving  with  equal  velocity  in  a  quiescent  fluid*  He 
tvpeated  all  these  experiiMMi  with  the  peiferated  fcoK.  in 
«tffl  water.    The  genersi  distiiKticm  was,,  that  both  the 
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presBurei  and  the  non-preBsure  in  this  case  woe  lea^  and 
that  the  odds  were  chiefly  to  be  observed  near  the  edges 
of  the  surface.  The  general  factor  of  the  pccssuce  of  a 
stream  on  the  anterior  surface  was  m  =  1.186 ;  but  that  on 
a  moving  body  through  a  still  fluid  is  only  m=\  He 
observed  no  non-pressure  even  at  the  very  edge  of  the 
prow,  but  even  a  sensible  pressure.  The  pressure,  theie- 
fine,  or  resistance,  is  more  equally  diffused  over  the  sur- 
face of  the  prow  than  the  impulse  is.— -He  also  found  that 
the  resistances  diminished  in  a  less  ratio  than  the  squares 
of  the  velocities,  especially  in  small  velocities. 

The  non-pressures  increased  in  a  greater  ratio  than  the 
squares  of  the  velocities.  The  ratio  of  the  velocities  to  a 
small  velocity  of  £^  inches  per  second  increased  geometri- 
cally, the  value  of  q  increased  arithmetically ;  and  we  may 
determine  q  for  any  velocity  V  by  this  proportion 

55         V  2.2 

L  ^:  L  ^  =  0.6  :  J,  and  5  =  -^.     That  is,  let  the 

common  logarithm  of  the  velocity,  divided  by  2^,  be  con- 
sidered  as  a  common  number ;  divide  this  common  num- 
ber by  2r'^,  the  quotient  is  g,  which  must  be  multiplied  by 
the  productive  height.     The  product  is  the  pressure. 

When  Pitot's  tube  was  exposed  to  the  stream,  we  had 
m  =  1 ;  but  when  it  is  carried  through  still  water,  m  is  = 
1 .2^.  When  it  was  turned  from  the  stream,  we  had  5  = 
0.157 ;  but  when  carried  through  still  water,  g  is  =  0.138. 
A  remarkable  experiment. 

When  the  tube  was  moved  laterally  through  the  water, 
so  that  the  motion  was  in  the  direction  of  the  plane  of  its 
mouth,  the  non-pressure  was  =  1.  This  is  one  of  his  chief 
arguments  for  his  theory  of  non-pression.  He  does  not 
give  the  detail  of  the  exjxjriment,  and  only  inserts  the  re- 
sult in  his  table. 

As  a  body  exposed  to  a  stream  deflects  the  fluid,  heaps 
it  up,  and  increases  its  velocity  ;  so  a  body  moved  through 
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a  still,  fluid  turns  it  ande,  causes  it  to  swell  up  befixv  it, 
and  gives  it  a  teal  motion  alongside  of  it  in  the  opporite 
dizectioQ.  And  as  the  body  exposed  to  a  stieam  has  a 
quantity  of  fluid  almost  stagnant  both  before  and  behind, 
so  a  body  moved  through  a  still  fluid  carries  before  it  and 
drags  after  it  a  quanity  of  fluid,  whidi  accompanies  it  with 
nearly  an  equal  vdodty.  Thb  addition  to  the  quantity 
of  matter  in  motion  must  make  a  diminution  of  its  velodly ; 
and  this  forms  a  very  considerable  part  of  the  observed  r^ 
sistanoe. 

We  cannot,  however,  help  remarking,  that  it  would  re- 
quire very  distinct  and  strong  proof  indeed  to  overturn  the 
common  opinion,  which  is  founded  on  our  most  certain  and 
simple  conceptions  of  motion,  and  on  a  law  of  nature  to 
which  we  have  never  observed  an  exception.  M.  de  Bua^s 
experiments,  though  most  judiciously  contrived,  and  ez)6» 
cuted  with  scrupulous  care,  are  by  no  means  of  this  kind. 
They  were,  of  absolute  necessity,  very  complicated ;  and 
many  circumstonces,  impossible  to  avcnd  or  to  appreciate, 
rendered  the  observation,  or  at  least  the  comparison,  of  ihe 
velocities,  very  uncertain. 

'  We  can  see  but  two  circumstances  which  do  not  admit 
of  an  easy  or  immediate  comparison  in  the  two  states  of  Ifae 
problem.  When'a  body  is  exposed  to  a  stream,  in  our  ex^ 
perimenUf  in  order  to  have  an  impulse  made  on  it,  there 
is  a  force  tending  to.  move  the  body  backwards,  independ- 
ent of  the  real  impulse  or  pressure  occasioned  by  the  de- 
flection of  the  stream.  We  cannot  have  a  stream  except 
in  consequende  of  a  slojnng  surface.  Suppose  a  body  float- 
ing on  this  stream.  It  will  not  only  sail  down  along  vM 
the  stream^  but  it  will  sail  down  the  stream^  and  will  there- 
fore go  faster  akmg  the  canalt than' the  stream  does;  Tor  it 
is  fioatiog;on  an  inclined  plane  ;/!and  if  we  ^examine  it  by 
the  laws. of  hydrostatics,  we  shall  fiild,  that,  besides  its  own 
tendency  to  $lid$  down  this  inclined  plane,  there  is  an  odds 
of  hydrostatical  pressure,  which  jmuAtj  it  down  this  plane* 
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The  other  diadngui»hiiigcirCTimtrincei%  that  Umi'ijIbmI 
nticns  «f  a  stitam  axinng  firom  frictian  are  fonnd  to  be 
mmdf  m  the  Tehidties.  When,  therefore^  a  ■treun  nor- 
log  in  a  limited  canal  is  diedced  fay  a  body  put  in  ili  fnqr« 
Iha  diwinntian  ef  yelocity  occationed  by  the  friolion  of  the 
iteeam  having  aheady  pniduoad  iti  eflfeot,  the  iapnbe  ta 
net  a&oled  by  it ;  but  when  the  body  puts  the  atill  walar 
in  motian,  the  firioticm  of  the  bottcnn  produeea  some  eAol^ 

by  reCaiding  the  neeas  of  the  wntcflt.    Thisyhowaverynmat 
he  nest  to  nothing. 

The  dufff  diffennee  will  ariae  from  its  beiiig  ahnoat  is* 
{loarible .  to  make  an  exact  comparison  of  the  velooitiea :  fiv 
when  a  body  ia  nunred  againat  the  atream,  the  reiati«a  ye- 
hieity  IB  the  aame  in  all  the  fibunenta.  ButwhenwvoK- 
poae  a  body  to  a  atraavH  the  Tdooity  of  the  diflbentfib- 
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nentf  if  not  the  Mme ;  bceaine  it  decrottei  finsDi  die  mid- 
cfe  of  the  stfcam  to  the  fides. 

M.  Bust  feond  the  total  semible  lewtanee  of  a  pkte  It 
ndies  flqpMfe,  end  metsured,  not  bj  the  height  of  wattr 
in  the  tube  of  the  perfisrated  box,  but  by  weights  acting  oa 
theannof  abehnoe,  having  its  centre  15  indies  under  the 
surfiuse  of  a  stream  mumag  three  feet  per  second,  to  be 
19.46 pounds;  tfiat  of  acubeof  the  same  AmensionB  was 
ISM;  and  Aat  of  a  prism  three  feet  long  was  18.8T; 
and  thai  of  a  prism  six  feet  long  was  14.97.  The  three 
fifst  agree  extremely  wdl  with  the  detamnnatitm  of  ei  and 
J,  by  the  experiments  with  the  perforated  box.  The  tot 
tal  renstance  of  the  last  was  imdoabcedly  mnA  increased 
by  friction,  and  by  the  retrograde  fevce  o(  so  long  a  prism 
floating  on  an  inefined  sthmrn.  This  last  by  conpntadon 
is  0.2fS  pounds ;  tlna  added  toh(m  +  q)j  which  iv  1 3^ 
gives  IS.SI,  leafing  0.46  fcr  the  eflRsct  of  ftiction. 

If  the  same  reaistanoes  be  eomputied  on  the  supposition 
that  the  body  moves  in  stil.  water,  in  which  case  we  hare 
m  =  I,  and  q£ar  a  this  plate  ==  0.439 ;  and  if  ;  be  oouk 
pnted  fer  the  lengths  of  the  other  two  bocfies  by  the  for- 
mula —  =>=  L  1.42  +  -7-»  we  shall  get  for  the  reristanors 

14.94;  K.2S;  and  11.40. 

Henee  M.  Bunt  concludes,  that  the  remstances  in  these 
twostates  are  nearly  in  the  ratio  of  19  la  10.  Thi%  he 
thinks,  will  aooount  for  the  diflerence  observed  in  the  ex- 
periments of  deferent  anthers* 

M.  Bnat  next  endeavours  to  ascertain  the  quantity  of  wa- 
ter which  is  made  to  adhere  in  some  degree  to  a  bodjy 
whidi  is  carried  along  through  still  water,  or  which  remmns 
neariy  stagnant  in  the  midst  of  a  stream.  He  takes  the 
asm  of  the  motions  in  the  direction  of  the  stream,  vix.  the- 
8ifm  of  the  actual  motions  of  all  those  particles  which  have 
lost  part  of  thor  motion,  and  he  brides  this  sum  by  the' 
general  velocity  of  the  stream.    The  quotient  is  equivalent 
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'  to  a  oertun  quantity  of  water  perfectly  stagnant  lound  the 
body.  Without  being  able  to  determine  thia  with  precU 
rion,  he  observes,  that  it  augments  as  the  reastanoe  dimi- 
mshes;  for  in  the  case  of  a  longer  body,  the  filaments  are 
observed  to  converge  to  a  greater  distance  behind  the  bo- 
dy. The  stagnant  mass  a-hcad  of  the  body  is  more  con- 
stant ;  for  the  deflection  and  resistance  at  the  prow  are  ob- 
served not  to  be  a£fected  at  the  length  of  the  body.  M. 
Buat,  by  a  very  nice  analysis  of  many  circumstances,  ccxnes 
to  this  conclufiion— that  the  whole  quantity  of  fluid,  which 
in  this  manner  accompanies  the  solid  body,  remains  the 
same  whatever  is  the  velocity.  He  might  have  deduced 
it  at  once,  from  the  consideration  that  the  curves  described 
by  the  filaments  are  the  same  in  all  velocities. 

He  then  relates  a  number  of  experiments  made  to  ascer. 
tain  the  absolute  quantity  thus  made  to  accompany  the 
body.  These  were  made  by  causing  pendulums  to  oscil- 
late in  fluids.  Newton  had  determined  the  resistances  to 
such  oscillation  by  the  diminution  of  the  arches  of  vibra- 
tion. M.  Buat  determines  the  (quantity  of  dragged  fluid 
by  the  increase  of  their  duration ;  for  this  stagnation  or 
dragging  is  in  fact  adding  a  quantity  of  matter  to  be  mov- 
ed, without  any  addition  to  the  moving  force.  It  was  in- 
geniously observed  by  Newton,  that  the  time  of  oscilla- 
tion was  not  sensibly  affected  by  the  resistance  of  tlie  fluid : 
a  compensation,  almost  complete,  being  made  by  the  dimi- 
nution of  the  arches  of  vibration ;  and  experiment  con- 
firmed this.  If,  therefore,  a  great  augmentation  of  the 
time  of  vibration  be  observed,  it  must  be  ascribed  to  the 
additional  quantity  of  matter  wliich  is  thus  dragged  into 
motion,  and  it  may  be  employed  for  its  measurement. 
Thus,  let  a  be  the  length  of  a  pendulum  swinging  seconds  jn 
vacuo,  and  I  the  length  of  a  second's  pendulum  swinging 
in  a  fluid.  Let/>  be  the  weight  of  the  body  in  the  fluid, 
and  P  tlie  weight  of  the  Iwdy  displaced  by  it ;  P  4-  ja  will 
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express  its  weight  in  vacuo,  and will  be  the  ratio 

If 

of  these  weights.    We  shall  therefore  have ?-  s=  — 

and  I  =  ^  ^   . 
P+p 

Let  n  express  the  sum  of  the  fluid  displaced,  and  the 
fluid  dragged  along,  n  being  a  greater  number  than  unity, 
to  be  determined  by  experiment  The  mass  in  motion  is 
no  longer  P  +/',  but  P  +  np,  while  its  weight  in  the 

fluid  is  still  p.     Therefore  we  must  have  I  =  — i^-^ — 
^  nF+p 

p 

A  prodigious  number  of  experiments  made  by  M.  Buat 
on  spheres  vibrating  in  water  g^ves  values  of  n,  which  were 
very  constant,  namely,  firom  1.5  to  1.7;  and  by  consider- 
ing the  circumstances  which  accompanied  the  variations  of 
n  (which  he  found  to  arise  chiefly  from  the  curvature  of 
the  path  described  by  the  ball),  he  states  the  mean  value 
of  the  number  n  at  1.588.  So  that  a  sphere  in  motion 
drags  along  with  it  about  ^^^  of  its  own  bulk  of  fluid  with 
a  velodty  equal  to  its  own. 

He  made  nmilar  experiments  with  prisms,  pjrramids,  and 
other  bodies,  and  found  a  complete  confirmation  of  his  as- 
sertion, that  prisms  of  equal  lengths  and  sections,  though 
dissimilar,  dragged  equal  quantities  of  fluid ;  that  nmilar 
prisms  and  prisms  not  similar,  but  whose  lengths  were  as 
the  square  root  of  thdr  sections,  dragged  quantities  pro- 
portional to  their  bulks. 

He  found  a  general  value  of  n  for  prismatic  bodies, 
which  alone  may  be  oonmdered  as  a  valuable  truth ;  namely, 


that  n  =  0.705  -^  +  1.18. 
From  all  these  drcumstanoes^  we  see  an  intimate  con- 
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necdon  between  the  pretsures,  non-preflnixei,  and  llie  fluid 
dragged  along  with  the  body.  Indeed  this  ia  iimnediafiply 
deduciUe  fvcm  the  first  prindples;  tar  irbat  Mr  Bust 
calls  the  draggedjluid  is  in  fact  a  certun  portion  of  the 
whole  change  of  motion  produced  in  the  direetion  of  the 
body's  motion. 

It  was  found,  that  with  reapect  to  thin  plaoea^  qphetes, 
and  pyramidal  bodies  of  equal  bases,  the  renstanoeB  w«s 
inveraely  as  the  quantities  of  fluid  dragged  alon^ 

The  intelligent  reader  will  readily  observe,  that  these 
views  of  the  Chevalier  Buat  are  not  so  much  discoveries  of 
new  principles  as  they  are  dassifications  of  consequences^ 
which  may  all  be  deduced  from  the  general  principles  en^ 
ployed  by  lyAlembert  and  other  mathematidans.  But 
they  greatly  asust  us  in  forming  notions  of  di£Ferent  parts 
of  the  procedure  of  nature  in  the  mutual  acticm  of  flnids 
and  solids  on  each  other.  This  must  be  very  acoeptaUe  in 
a  subject  which  it  is  by  no  means  pnobable  that  we  dbaU 
be  able  to  investigate  with  mathematical  precision.  We 
have  given  an  account  of  these  last  observations,  that  we 
may  omit  nothing  of  consequence  that  has  been  written  on 
the  subject ;  and  we  take  this  opportunity  of  recommend- 
ing the  Hydraulique  of  Mr  Buat  as  a  most  ingenious  work, 
containing  more  original,  ingenious,  and  practically  useful 
thoughts,  than  all  the  performances  we  have  met  with. 
His  doctrine  of  the  principle  of  uniform  motion  qfjkAdM 
in  pipii  and  open  canals  will  be  of  immense  service  to  all 
eng^eers,  and  enable  them  to  determine  with  sufficient  pre- 
dtton  the  most  important  questions  in  their  profession— 
questions  which  at  present  they  are  hai'dly  able  to  guess  at 
See  the  articles  Rivers  and  Wateb-Wojiks  in  this  vo> 
lume. 

The  only  drcumstance  which  we  have  not  noticed  in  de- 
tail, is  the  change  of  resistance  produced  by  the  void,  or 
tendency  to  a  void,  which  obtains  behind  the  body  ;  and 
we  onutted  a  particular  discussion,  merely  because  we  could 
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aqr  Mdiay  tuffideii%  pnciae  cm  tbt  sul^^    ¥tnam 
nBimmutaaied  to  the  dwmifwkiPB  m  the  phjneD-BietiMBMi» 
tiflftl  acieiioe%  eie  apl  to  entertain  doubta  or  firise  notioos 
oumected  with  thisdtictmistaiioei  which  we  whall  ettgafcpt  to 
fOBioTe ;  end  with  tfab  we  ahali  oondiide  this  ditaortatioo. 
If  a  fluid  wtre  perfectly  inoompresnMe,  and  wave  ccsk 
tonad  in  m  TeaadL  iwcapable  of  extensaody  it  is  impoaBabfe 
tfaatmj^oid  could  be  fonned  behind  the  bodj(  and  in 
tUa  case  it  is  not  very  eusj  to  see  how  motion  oonld  be 
|jarfaruwd  in  it.    A  sphere  moved  in  sach  a  medinm  eouM 
imt  adyanee  the  smaUast  disfancfy  unkaa  smn$  partielea  ef 
the  fluid,  in  filling  up  the  qpace  left  by  it^  moved  with  a 
vekxnty  next  to  infinite.    Some  degree  of  c«npresabihty« 
however  small,  seems  necessary.    If  tUa  be  insennhle^  it 
may  be  rigidly  demonstnited^  thatan  external  fiokee  of  com* 
prMbn  will  make  no  9inaMe  change  in  the  internal  nM>« 
tiatis^  mr  in  the  resistancea.    This  imbed  ia  not  obvious^ 
but  is  an  immediate  donaeqnence  of  the  jnajwiwrMei  prea* 
anre  of  fltnd&    As  mudi  as  the  pressure  is  augmented  by 
the  extsmak  compresskma  in  one  side  of  a  body^  so  mudi 
is  it  augmented  cm  the  other  ode;  and  the  same  must  be 
said  of  every  particle*    Nothing  more  ia  necessary  fiv  se- 
eming the  same  motiona  by  the  same  partial  and  inter» 
md  fctoes;  and  this  is  fiilly  verified  by  experiment    Wa» 
tsr  remains  equaUy  fluid  under  any  compresdona»    Insome 
of  ttr  Isaac  Newton^  ezperimenta,  balls  of  four  inches  dia» 
mater  were  made  so  light  as  to  preponderato  in  water  only 
threagndnsL    These  balb  descended  in  the  same  mannar 
as  they  would  have  deaocndcd  in  a  fluid  where  the  re» 
dstanca  was  equal  in  every  part;  yet,  when  they  were 
near  the  bottom  of  a  vessel  nine  feet  deep,  the  comprea* 
mm  round  them  was  at  least 2400  times  the  moving  foree^ 
whereas^  when  near  the  top  of  the  vessd^  it  was  not  above 
80  or  60  times. 

But  in  a  fluid  sensSdy  ecanpreseible,  or  which  is  not  eon 
flned,  a  void  may  be  lift  bdiiod  the  body.    He  motion 
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maybe  so  swift  that  the  surrounding  prcasnra mayaafc 
suffice  for  filling  up  the  deserted  space;  and,  in  this  case, 
a  statical  pressure  will  be  added  to  the  ren8taB0&    This 
may  be  the  case  in  a  vessel  or  pond  of  water  having  an 
open  surface  exposed  to  the  finite  or  limited  preasure  of  the 
atmosj^ere.    The  question  now  is,  whether  the  rcMstance 
will  be  increased  by  an  increase  of  external  pressure  ?  Snp- 
poung  a  sphere  moving  near  the  surface  of  water,  and  aa^ 
other  moving  equally  fast  at  four  times  the  depth.     If  the 
motion  be  so  swift  that  a  void  is  formed  in  both  cases,. thoee 
is  no  doubt  but  that  the  sphere  which  moves  at  the  greatest 
depth  is  most  resisted  by  the  pressure  of  the  water.    If 
there  is  no  void  in  either  case,  then,  because  the  quadruple 
depth  would  cause  the  water  to  flow  in  with  only  a  double 
velocity,  it  would  seem  that  the  resistance  would  be  greater; 
and  indeed  the  water  flowing  in  laterally  with  a  double  ve* 
lodty  produces  a  quadruple  non-pressure.— But,  on  the 
other  hand,  the  pressure  at  a  small  depth  may  be  iniuffi- 
dent  for  preventing  a  void,  while  that  below  effectually 
prevents  it ;  and  this  was  observed  in  some  experiments  of 
Chevalier  de  Borda.     The  effect,  therefore,  of  greater  im- 
mersion, or  of  greater  compression,  in  an  elastic  fluid,  does 
not  follow  a  precise  ratio  of  the  pressure,  but  depends  partly 
on  absolute  quantities.     It  cannot,  therefore,  be  stated  by 
any  very  simple  formula  what  increase  or  diminution  of  re- 
ostance  will  result  from  a  greater  depth  ;  and  it  is  chiefly 
on  this  account  that  experiments  made  with  modeb  of  ships 
and  mills  are  not  conclusive  witli  respect  to  the  performance 
of  a  large  machine  of  the  same  proportions,  witliout  correc- 
tions, sometimes  pretty  intricate.      We  assert,  however, 
with  great  confidence,  that  this  is  of  all  methods  tlie  most 
exact,  and  infinitely  more  certain  than  any  tiling  that  can 
be  deduced  from  the  most  elaborate  calculation  from  theory. 
If  the  resistances  at  all  depths  be  equal,  the  proportionality 
of  the  total  resistance  to  the  body  is  exact,  and  perfectly 
formable  to  observation.     It  is  only  in  great  velocities 
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where  the  depth  has  any  material  influenoe^  and  the  iiw 
fluenoe  is  not  near  so  considerabie  as  we-  should^  at-  first 
right,  suppose ;  for,  in  estimating  the  effect  of  im'menion^ 
which  has  a  relation  to  the  difference  of  pressure,  we  must 
always  take  in  the  pressure  of  the  atmosphere;  and  thus 
the  jMressure  at  83  feet  deep  is  not  S3  times  the  preasure  at 
one  foot  deep,  but  only  double,  or  twice  as  great.  The 
atmospheric  pressure  is  omitted  only  when  the  reristed 
plane  is  at  the  very  sur&ce.  D'UUoa,  in  his  Eaamino 
MariiimOj  has  introduced  an  equation  expressing  this  rela* 
tion ;  but,  except  with  very  limited  conditions,  it  will  mis- 
lead us  prodi^ously.  To  give  a  genera)  notion  of  its 
foundation,  let  AB  (Fig.  23.)  be  the  section  of  a  plane 
moving  through  a  fluid  in  the  direction  CD,  with  a  known 
velodty.  The  fluid  will  be  heaped  up  before  it  above  its 
natural  level  CD,  because  the  water  will  not  be  pushed  be^ 
fore  it  Uke  a  solid  body,  but  will  be  pushed  aside.  And  it 
cannot  acquire  a  lateral  motion  any  other  way  than  by  an 
accumulation,  which  will  difiiise  itself  in  all  directions  by 
the  law  of  undulatory  motion.  The  water  will  also  be  left 
lower  behind  the  plane,  because  time  must  elapse  before 
the  pressure  of  the  water  behind  can  make  it  fill  the  space. 
We  may  acquire  some  notion  of  the  extent  of  both  the  ac- 
cumulation and  depression  in  this  way.     There  is  a  certain 

depth  CF  (=  ^  where  v  is  the  veloaty^  and  f  the  ac- 

celerating  power  of  gravity)  under  the  surface,  such  that 
water  would  flow  through  a  hole  at  F  with  the  velod^  of 
the  plane's  motion.  Draw  a  horizontal  line  F6.  The 
water  will  certunly  touch  the  plane  in  G,  and  we  may 
suppose  that  it  touches  it  no  hi^er  up.  Therefore  there 
will  be  a  hollow,  sudi  as  CGE.  The  elevation  HE  will 
be  regulated  by  connderations  nearly  similar.  ED  must 
be  equal  to  the  veloci^  of  the  plane,  and  HE  must  be  its 
productive  height.  Thus^  if  the  velodty  of  the  plane  be 
<me  foot  per  second,  HE  and  EG  will  be  x\  of  an  indu 


^ 
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This  ii  Buffident  (dwugfa  not  cxaot)  fiv  gjM^ 
ofthelhiDg.  We  see  that  fhn  this  miMt  arw  ft  pivHintt 
in  the  diiection  DC,  ym.  the  presaine  of  the  whole  cohimli 
H6« 

Something  of  the  Mune  kind  nill  happen  nltboni^  the 
plane  AB  be  wholly  immerged^  and  this  even  to 
depth.  We  see  sudi  devataons  in  a  swift  numilig 
where  there  are  large  stones  at  the  bottoitt.^riiiB 
sions  an  excess  of  pressute  in  the  direction  opposite  tothi 
jdane^s  motion ;  and  we  see  that  there  most,  in  ewerj  caSf^ 
be  a  relation  between  the  velocity  and  thu  exoesa  of  pm» 
sura  This  DTJlloa  expresses  by  an  equation.  But  it  is 
very  exceptionable^  not  taking  properiy  into  the  aeoooDt 
the  ooinparative  facility  with  which  the  water  can  heqp  up 
and  diffhse  itself.  It  must  alwi^  heap  up  till  it  aoqinm 
a  Bu£Bcient  head  of  water  to  produce  a  lateral  and  prqpss* 
rive  di£Purion  sufficient  for  the  purpose.  It  is  evident^  that 
A  smaller  elevation  wili  suffice  when  the  body  is  man  im« 
mersed,  because  the  check  or  impulse  given  by  the  body 
below  is  propagated,  not  vertically  only,  but  in  every  di* 
rection ;  and  therefore  the  elevation  is  not  confined  to  that 
part  of  the  surface  which  is  immediately  above  the  mov'mg 
body,  but  extends  so  much  further  laterally  as  the  centre 
of  agitation  is  deeper:  Thus,  the  elevation  necessary  for 
the  passage  of  the  body  is  so  much  smaller ;  and  it  is  the 
height  only  of  this  accumulation  or  wave  which  determines 
the  backward  pressure  on  the  body.  D'Ulloa's  equation 
may  happen  to  quadrate  with  two  experiments  at  differ^it 
depths,  without  being  nearly  just ;  for  any  two  points  may 
be  in  a  curve,  without  exhibiting  its  equation.  Three 
points  will  do  it  witli  some  approach  to  precision ;  but  four, 
at  least,  are  necessary  for  giving  any  notion  of  its  nature^ 
D^UUoa  has  only  given  two  experiments,  which  we  men- 
tioned in  another  place. 

We  may  here  observe,  that  it  is  this  circumstance  whidi 
immediately  produces  the  great  resistance  to  the  motion  of 
A  body  through  a  &u\d  ui  a  tiattovf  c^xiai.— The  fluid  can- 
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not  pa«  th»  body,  oiileit  the  aw  of  the  Beftkm  be  siifld. 
ently  mtbamve.  A  nanow  canal  pvrents  the  eitedaion 
ndeiriae.  The  water  mint  thadbn  heap  up^  till  the  eee- 
tkm  and  vdodty  of  diffiimon  are  saffidently  enlarged,  and 
thoa  a  gieat  famokvanl  piesmre  ia  ptodnocd.  (See  the  8b- 
oend  aeriea  of'  Bneriinenti  bjr  the  J^iench  AoadeaueianB  i 
gte  «lfo  Fnmkliiire  Eaiayi)> 


Thus  have  ve  attempted  to  give  our  mden  aoae 
eomt  of  one  of  the  moet  intseatu^  proUems  in  the  whole 
of  merhanicel  philoaophy.  We  are  aoxiy  that  io  little  ad- 
vantage can  be  demcd  from  the  united  effntt  of  die  fint 
mathematirianit  of  Eozopey  and  that  there  is  to  little  hope 
of  greatly  improting  our  adentific  knowledge  of  the  aub- 
ject  What  we  have  delivered  will,  however,  enifale  our 
readers  to  peruse  the  writings  of  those  who  have  applied 
the  theories  to  practical  purposes.  Such,  for  instance,  are 
the  treatises  of  John  Bernoulli,  c£  Bougnet*,  and  of  Euler, 
on  the  construction  and  woridng  of  ships,  and  the  occasional 
dissertaticms  of  different  authors  on  water-mills.  In  this 
last  application  the  ordinary  theory  is  not  without  its  value^ 
for  the  impulses  are  nearly  perpendicular ;  in  which  case 
they  do  not  materially  deviate  from  the  duplicate  propor- 
tion of  the  sine  of  incidence.  But  even  hare  this  theory, 
apjdied  as  it  commonly  is,  misleads  us  exceedingly.  The 
impulse  on  one  float  may  be  accuntely  enough  stated  by 
it ;  but  the  authors  have  not  been  attentive  to  the  modon 
of  the  water  after  it  has  made  its  impulse ;  and  the  impulse 
on  the  next  float  is  stated  the  same  as  if  the  parallel  fila- 
ments of  water,  which  wore  not  stopped  by  the  preceding 
float,  did  impinge  on  the  opposite  part  of  the  second,  in 
the  same  manner,  and  with  the  same  obliquity  and  energy, 
as  if  it  were  detached  from  the  rest  But  this  does  not  m 
the  least  resemble  the  real  process  of  nature. 

Suppose  the  floaU  B,  C,D,  H  (Fig.  M.)  of  a  wheel  hn- 
mersed  in  a  stream  whose  surface  moves  in  the  direction 
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AK,  and  that  tins  mirbce  meets  the  fioat-B  in  £.  The 
part  BE  alone  is  supposed  to  be  impelled;  whereas- die 
water,  checked  by  the  float,  heaps  up  on  it  to  e.— Then 
drawing  the  horizontal  line  BF,  the  part  CF  of  the  next 
float  is  supposed  to  be  all  that  is  impelled  hy  the  parallel 
filaments  of  the  stream ;  whereas  the  water  bends  round 
the  lower  edge  of  the  float  B  by  the  surrounding  preasure^ 
and  rises  on  the  float  c  all  the  way  to  ^T  In  like  mamier, 
the  float  D,  instead  of  receiving  an  impulse  on  the  mrj 

■ 

small  portion  DG,  is  impelled  all  the  way  from  D  to  ; ^ 
not  much  below  the  surface  of  the  stream.  The  sutfimi 
impelled  at  once,  therefore,  greatly  exceed  what  this  sbveoljr 
application  of  the  £heory  suf^ioses,  and  the  whole  impube 
is  much  greater ;  but  this  is  a  fault  in  the  application,  and 
not  in  the  theory. 
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RIVER, 


Is  a  current  of  fresh  water,  flowing  in  a  Bed  or  Channel, 
from  its  source  to  the  sea. 

1.  The  term  is  appropriated  to  a  considerable  collec- 
tion of  waters,  formed  by  t^p  conflux  of  two  or  more 
Baooks,  which  deliver  into  its  channel  the  united  streams 
of  several  Rivulets,  which  have  collected  the  supplies 
of  many  Rills  trickling  down  from  numberless  springs, 
and  the  torrents  which  carry  off  from  the  sloping  grounds 
the  surplus  of  every  shower. 

S.  Rivers  form  one  of  the  chief  features  of  the  surface  of 
this  globe,  serving  as  voiders  of  all  that  is  immediately  re- 
dundant in  our  rains  and  springs,  and  also  as  boundaries 
and  barriers,  and  even  as  highways,  and  in  many  coun- 
tries, as  plentiful  storehouses.  They  also  fertilize  our  soil 
by  laying  upon  our  warm  fields  the  richest  mould,  brought 
from  the  high  mountains,  where  it  would  have  remidned 
useless  for  want  of  genial  heat. 

3.  Being  such  interesting  objects  of  attention,  every 
branch  acquires  a  proper  name,  and  the  whole  acquires 
a  sort  of  personal  identity,  of  which  it  is  frequently  difli- 
cult  to  find  the  principle ;  for  the  name  of  the  great  body 
of  waters  which  discharges  itself  into  the  sea  is  traced  back- 
wards to  one  of  the  sources,  while  all  the  contributing 
streams  are  lost,  although  their  waters  form  the  chief  part 
of  the  collect'ion.  And  sometimes  the  feeder  in  which  the 
name  is  preserved  is  smaller  than  others  which  are  united 
to  the  current,  and  which,  like  a  rich  but  ignoble  alliance, 
lose  their  name  in  that  of  the  more  illustrious  family.  Some 
nvera  indeed  are  respectable  even  at  their  birth,  opmuig  at 
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^^^^*^r  obaened  bj  Pliiij)  to  the  life  of  man. 

^J^^j^fl*  '^^""^  ^  earth;  but  its  ori^  ia  in 

f     lit  b^munga  are  inngniBcant,  and  its  ia&ney 

t^^0f  it  plaji  among  the  Bowen  of  a  meadow;  it 

*^^naid«>  or  tiuna  a  little  milL    Gathering  strength 

^•DUth,  it  beeomea  wild  and  impetuouB.    Impatieot 

yj^iatrunts  whidi  it  atill  meeta  with  in  the  hdlowa 

^ig  (he  mountuns,  it  ia  restless  and  fretful ;  quick  in 

^  tuminga,  and  unsteady  in  ita  coursfe    Now  it  ia  a  roaiw 

jpg  cataract,  tearing  up  and  overturning  whaterer  opposes 

its  progress,  and  it  ahoots  headlong  down  from  a  rock ; 

then  it  beoomea  a  auUea  and  gloomy  pool,  buried  in  the 

bottom  of  a  glen.     Beooreting  breath  by  repose,  it  again 

dashes  along,  till,  Uzed  of  the  nproar  and  mischief,  it  quits 

all  that  it  has  swept  along,  and  leaves  the  opening  of  the 

valley  strewed  with  the  rejected  waste.     Now,  quitting  its 

retirement,  itcomes  abroad  into  the  world,  journeying  with 

more  prudence  and  discretion  through  cultiv^ed  fields, 

yielding  to  orcumstances,  and  winding  round  what  would 

trouble  it  to  overwhelm  or  remove.    It  passes  through  the 

populous  dtiea  and  all  the  busy  haunts  of  men,  tendering 

its  services  on  every  »de,  and  becomes  the  BU]^>ort  and 

miaraent  of  the  country.     Now  increased  by  numerous 

alliances,  and  advanced  in  its  course  of  existence,  tt  becomes 

grave  and  stately  in  ita  motions,  loves  peace  and  quiet ;  and 

S 


HIB70RT  OF  KITXItS*  S71 


in  majestic  aiknoe  ioIIb  od  its  mig^y  waten,  till  it  is  bdd 
to  rest  in  the  vast  abyss. 

The  philosof^er,  the  reed  lover  of  wisdom,  sees  much 
to  adnure  in  the  economy  and  mechanism  of  running 
waters ;  and  there  are  few  operations  of  nature  which  give 
him  mere  opportunities  of  remarking  the  nice  a^ustment 
of  the  most  ample  means  for  attmning  many  purposes  of 
most  extensive  beneficence.  All  mankind  semn  to  have 
fbk  this.  The  heart  of  man  is  ever  open  (unless  perverted 
faj  the  habits  of  selfish  indulgence  and  arrogant  self-con- 
ont)  to  impreerions  of  gratitude  and  love.  He  who  aaeribea 
the  rdigious  prineiple  (debased  though  it  be  by  the 
humbling  abuses  of  superstition)  to  the  workings  of  fear 
alone,  nuqr  betray  the  slavish  meanness  of  his  own  mind, 
but  gifcs  a  very  unfair  and  a  false  picture  of  the  hearts  of 
Ms  nei^bours.  Lucretius  was  but  half  a  philosopher 
when  he  penned  his  often-quoted  apothegm.  Indeed  hb 
own  hwoeatious  show  how  much  the  animal  was  blended 
wHn  iBe  S8ge« 

We  apprehend,  that  whoever  will  read  with  an  honest  and 
candid  mind,  unbiassed  by  Ucentious  wishes,  the  accounts 
of  the  ancMDt  snperstitions,  will  acknowledge  that  the 
aasaable  emotions  of  the  human  soul  have  had  their  diare 
in  crcatiBg  the  numerous  divinities  ithoee  wonhip  filled  up 
their  calendars.  The  sun  and  the  host  of  heaven  have  in 
id  ages  and  nations  been  the  objects  of  a  sincere  worship. 
NcKl  to  them,  the  rivers  seem  to  have  attracted  the  grale> 
fill  aokaswledgments  of  the  inhabitants  of  the  adjacent 
oooatriesL  They  have  CTei^wheie  been  considered  a  sort 
of  tntdbtf  divinities ;  and  each  little  district,  every  retired 
valley,  had  its  river  god,  who  was  preferred  to  all  others 
isilh  a  partial  fondness.  The  expostulation  of  Naaman  the 
Syrian^  who  was  ofiended  with  the  prophet  for  enjoining 
Umto  wash  in  the  river  Jordan,  was  the  natural  effhrion  c^ 
das  attachment  *^  What  (said  he),  are  not  Abana  and 
iMvphat,  rivers  of  Damascus,  more  excellenl  than  all  the 
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waters  of  Judaea?  Might  I  not  wash  in  them  and  be  ckanF 
So  he  went  away  wroth.^ 

In  those  countries  particularly,  where  the  rural  labouiB^ 
and  the  hopes  of  the  shepherd  and  the  husbandman,  weie 
not  so  immediately  connected  with  the  approadi  and  xeoess 
of  the  sun,  and  depended  rather  on  what  happened  in  a 
far  distant  country  by  the  falls  of  periodical  rains  or  the 
melting  of  collected  snows,  the  Nile,  the  Ganges^  the  In- 
dus, the  river  of  P^u,  were  the  sensible  agents  of  nature 
in  procuring  to  the  inhabitants  of  their  fertile  banks  all 
their  abundance,  and  they  became  the  objects  of  gratefid 
veneration.  Their  sources  were  sought  out  with  anxious 
care  even  by  conquering  princes ;  and  when  found,  were 
imiversally  worsliippcd  with  the  most  affectionate  devotioa 
These  remarkable  rivers,  so  eminently  and  so  palpably 
beneficent,  preserve  to  this  day,  amidst  every  change  of 
habit,  and  every  increase  of  civilization  and  improvement, 
the  fond  adoration  of  die  inhabitants  of  tliose  fruitful 
countries  through  which  they  hold  their  stately  course,  and 
their  waters  are  still  held  sacred.  No  progress  of  artificial 
refinement,  not  all  the  corruptiun  of  luxurious  sensuality, 
has  been  able  to  eradicate  this  plant  of  native  growth  from 
tlie  heart  of  man.  The  sentiment  is  congenial  to  his  na- 
ture^ and  therefore  it  is  universal ;  and  we  could  almost 
appeal  to  the  feelings  of  every  reader,  whether  he  does  not 
perceive  it  in  his  own  breast.  IVThaps  we  may  be  mis- 
taken in  our  opinion  in  the  case  of  tlie  corrupted  inhabit- 
ants of  the  populous  and  busy  cities,  who  are  habituated 
to  the  fond  contemplation  of  their  uwn  individual  exer- 
tions as  the  sources  of  all  their  hoi^es.  Give  the  shoemaker 
but  leather  and  a  few  tools,  and  he  defies  the  powers  of  na- 
ture to  disap{X)int  him  ;  but  the  simpler  inhabitants  of  the 
country,  the  most  worthy  and  the  most  respectable  part  of 
every  nation,  after  equal,  perhaps  greater  exertion  both  of 
skill  and  of  industry,  are  more  accustomed  to  resign  them- 
selves to  the  great  ministers  of  Providence,  and  to  look  up 
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to  beaTen  for  the  ^<  eariy  and  the  latter  nuns,^  without 
all  their  labters  are  f ruitlegs. 


adrema  per  iOog 


Nutiunque  exctden*  Urrit  vtttigia  fecit. 

And  among  the  hnsbandmen  and  the  shepherds  of  all  na* 
tions  and  ages,  we  find  the  same  fond  attachment  to  their 
qprings  and  riTuIets. 

Fortunate  senex,  hie  inter  Jlamina  nota 
Eifowtet  sacrosfrigui  captabis  opacum, 

was  the  mournful  qaculation  of  poor  Meliboras.  We  hard- 
ly know  a  riyer  of  any.  note  in  our  oWn  country  whose 
source  is  not  looked  on  with  some  respect 

We  repeat  our  assertion,  that  this  worship  was  the  off. 
qpring  of  aflPection  and  gratitude,  and  that  it  is  giving  a 
rerj  unfair  and  false  picture  of  the  human  mind  to  ascribe 
these  superstitioiis  to  the  working  of  fear  alone*  These 
would  have  represented  the  river-gods  as  seated  on  ruins, 
brandishing  rooted-up  trees,  with  angry  looks,  pouring  out 
their  sweeping  torrents.  But  no  such  thing.  The  firely 
imagination  of  the  Greeks  felt,  and  expressed  with  an  ener- 
gy unknown  to  all  other  nations,  every  emotion  of  the  hu- 
man soul.  They  figured  the  Naiads  as  beautiful  nymphs, 
patterns  of  gentleness  and  of  el^ance.  They  are  repre- 
sented as  partially  attached  to  the  childroi  of  men ;  and 
their  interference  in  human  affairs  is  always  in  acts  of  kind 
assistance  and  protection.  They  resemble,  in  this  respect, 
the  rural  deities  of  the  northern  nations,  the  fairies,  but 
without  their  cafNrices  and  resentments.  And,  if  we  attend 
to  the  descriptions  and  representations  of  their  BiVEB^CrODs, 
beings  armed  with  power,  an  attribute  whioh  slavish  fear 
never  fails  to  couple  with  cruelty  and  vengeance,  we  find 
the  same  expression  of  affectionate  trust  and  confidenee  in 
their  kind  dispositiopa,  Th^  are  generally  called  bj  the 
respectaUe  but  endearing  name  cijbiher.    <<  Da  T^glmi 

voi«  II.  2  b 


fKlart^  MjiTirg^  HrBniot  says  that  the  NtteHt  its  ^ 
VDoroe  if  called  the  abag  or  "  father." — We  observe  this 
-  word,  or  its  radix,  blqaded  witli  many  names  of  rivers  of 
,.  '  ,  the  east;  aod'think  it  probable,  that  when  our  traveller 
V  ,-.'  got  this  naote  from' the  inbalnlaDts  of  the  neighbourhood, 
^  '  diey-«pplicd  to  the  straam  what  is  meant  to  imt«t»  lb  tat^ 
•  .  ■  hr  or  pcending  quit.  The  nTer-gods  are  alwi^  nflB* 
^  «  tented  as  venerable  old  men,  to  indicate  tber  haag  oonal 
nith  the  world.  Bnt  it  is  always  a  emda  viriduquf  umeeliu, 
and  they  are  oerer  represented  as  oppressed  with  age  «id 
deaepitude.  Their  beards  are  Ibng  and  flowing,  their  look* 
plaod,  thar.atlitade  easy,  reclined  on  a  bank,  oovooed  w 
.  they  are  atiwned,  with  nev^^A^ng  sedges  and  buIrndM% 
■nd  leaning  on  their  urns,  from  whidi  they  pour  oat  their 
pkntifiil  and  fcrtiUziag  ntrrnnm  Mr  Bnice''s  desoiption 
oftheaouraesof  the  Nile,  and  of  the  respect  paid  todw 
wared  waters^  haa  not  a  frowning  feature ;  and  the  hospt- 
qUe  old  man,  with  hta  fair  dau^ter  Irepone,  and  the  gop 
tie  [Mieatbood  which  peopled  the  Uttle  village  of  GcHh» 
fivms  •  contrast  with  the  no^bouring  GalU  (among  whom 
a  military  leader  was  called  the  lamb,  because  he  did  not 
murder  pngnant  women),  which  very  distinctly  paints  the 
inspiring  principle  of  this  superstition.  PUny  says  (viii. 
&)  that  at  the  source  of  the  Clitumnus  there  is  an  aocient 
temple  highly  respected.  The  presence  and  the  power  of 
the  Divinity  are  expressed  by  the  fates  which  stand  in  the 
vestibule.  Around  this  temple  are  several  little  chapels, 
eadi  of  which  covers  a  sacred  fountain ;  for  the  Clitumnus 
is  the  father  of  several  little  rivers  which  unite  th^r  streams 
with  him.  At  some  distance  below  the  temple  is  a  bridge 
v^iicb  divides  the  sacred  waters  from  those  which  are  open 
to  cunmott  use.  No  one  must  presume  to  set  his  foot  in 
the  streams  above  this  bridge;  and  to  step  over  any  of 
them  is  an  indignity  which  renders  a  perscm  infamous. 
They  can  <mly  be  visited  In  a  consecrated  boat  Below 
the  t»idge  we  are  permitted  to  bathe,  and  the  place  is  in- 
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oessantly  occupied  by  the  neighbouring  villagers.  (See  al- 
so VUnus  Sequestr.  Orbelini,  p.  101—103,  and  221—223; 
also  Sueton.  Caligula^  c.  43 ;   Virg.  Gcorg.  IJL  146.) 

What  is  the  cause  of  all  this  ?  The  Clitumnus  fbws 
(near  its  source)  through  the  richest  pastures,  through 
ivhich  it  was  carefully  distributed  by  numberless  drains ; 
and  these  nourished  cattle  of  such  spotless  whiteness  and 
extraordinary  beauty,  that  they  were  sought  for  with  eager- 
ness over  all  Italy,  as  the  most  acceptable  victims  in  their 
sacrifices.  Is  not  tliis  superstition  then  an  effusion  of  graF> 
titude  ? 

Such  are  the  dictates  of  kind-hearted  nature  in  our 
breasts,  before  it  has  been  vitiated  by  vanity  and  self-con- 
ceit, and  we  should  not  be  ashamed  of  feeling  the  impres- 
sion. We  hardly  think  of  making  any  apology  for  dwell- 
ing a  little  on  this  incidental  circ  umstancc  of  the  supersti- 
tious veneration  paid  to  rivers.  We  cannot  think  that  our 
readers  will  be  displeased  at  having  agreeable  ideas  excited 
in  their  minds,  being  always  of  opinion  that  the  torch  of 
true  philosophy  will  not  only  enlighten  the  understanding, 
but  also  warm  and  cherish  the  affections  of  the  heart. 

With  respect  to  the  origin  of  rivers,  we  have  very  lit- 
tle to  offer  in  this  place.  It  is  obvious  to  every  person, 
that  besides  the  torrents  which  carry  down  into  the  rivers 
what  part  of  the  rains  and  melted  snows  is  not  absorbed  by 
the  soil,  or  taken  up  by  the  plants  which  cover  the  earth, 
they  are  fed  either  immediately  or  remotely  by  the  springs. 
A  few  remarkable  streams  rush  at  once  out  of  the  earth  in 
force,  and  must  be  considered  as  the  continuation  of  sub« 
terraneous  rivers,  whose  origin  we  are  therefore  to  seek 
out ;  and  we  do  not  know  any  circumstance  in  which  their 
first  beginnings  differ  from  those  of  other  rivers,  which  are 
formed  by  the  union  of  little  streams  and  rills,  each  of 
which  has  its  own  source  in  a  spring  or  fountain.  This 
question,  therefore.  What  is  the  process  of  nature,  and 

1    - 
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what  wxe  ihB  mMpi^iM  iMAtSlimt  9pm^ 
«f  mider  tbe  wocd  SnuMo. 

WhatiAealie  die  toairie  of  meM^  h  k  to  1»^ 
fllaml  cvoy  pirt  of  the  ^obe.  The  cniel  of  e«lft  %fi& 
nUdi  the  locky  firanung  of  thb  gUbe  la  covwid  m 
inlly  ftratMtwii  Some  of  then  itrataneestaemhr 
to  watar,  hsfing  hul  meU  attraetkai  ftr  ki 
heoBg  irery  pomu.  Such  is  the  qoaKty  ofyawelj 
in  an  eminent  degiee.  Other  itiata  are  mgath, 
or  attract  water  more  Btronf^,  and  xefiiae  it  a 
This  is  the  case  nith  firm  rodL  and  with  day.  Whenn 
atntmn  of  the  first  land  has  one  of  the  other  immediatelf 
under  it,  the  water  lemuM  in  the  iqpper  st]»tuB^  an^ 
out  whererer  the  sbpiag  ades  of  die  hiUs  cut  off  tlie 
and  thb  will  be  in  t]ie  ftrm  of  a  tipiABi^  qprin|ft 
the  water  in  the  porous  stratum  is  greatly  obstaruotod  mill 
passi^  towards  the  outlet  As  thisirrqpilar  fii'maliBn  ef 
the  earth  is  Tsry  general^  we  must  have  qprings^  aaief 
eonrse  rivers  or  rindetSi  in  ereiy  comer  where  these  sse 
high  grounds. 

Rivers  flow  from  the  higher  to  the  low  gnninds.  It 
is  the  arrangsment  of  this  elevation  which  distributes  them 
over  tbe  surface  of  the  earth.  And  this  appears  to  be  ac- 
complished with  considerable  regularity ;  and,  except  the 
great  desert  of  Kobi,  on  the  confines  of  Chinese  Tartary, 
we  do  not  remember  any  very  extenfflve  tract  <tf  ground 
that  is  deprived  of  diose  channels  for  voiding  the  soperflu* 
ous  waters ;  and  even  there  they  are  fiur  from  b^ng  redund* 
ant 

The  course  of  nvtars  give  us  the  best  general  method  for 
judging  of  the  elevation  of  a  country.  Thus  it  iqppears 
that  Savoy  and  Switzerland  are  the  highest  grounds  of  Eu- 
rope,  from  whence  the  ground  slopes  in  every  direction. 
From  the  Alps  proceed  the  Danube  and  the  Rhine,  whose 
courses  mark  the  two  great  valleys,  into  which  many  late- 
ral streams  descend.    The  Po  also  and  the  Rhone  oome 
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tnm  the  same  head^  and  with  a  steeper  and  shorter  course 
find  their  way  to  the  sea  through  yalleysofless  breadth  and 
length.  On  the  west  side  of  the  valleys  of  the  Rhine  and 
the  Rhone  the  ground  rises  pretty  fast,  so  that  few  tributa* 
ry  streams  come  into  them  from  that  side ;  and  from  this 
gentle  elevation  France  slopes  to  the  westward.  If  a  line 
neariy  straight,  but  bending  a  little  to  the  northward,  be 
drawn  from  the  head  of  Savoy  and  Switaeriand  all  the  way 
to  Solikamskoy  in  Siberia,  it  will  nearly  pass  through  the 
most  elevated  part  of  Europe ;  for  in  this  tract  most  of  the 
rivers  have  their  rise.  On  the  left  go  off  the  various  feed^ 
ers  of  the  Elbe,  the  Oder,  the  Wesel,  the  Niemen,  the  Du- 
na,  the  Neva,  the  Dwina,  the  Petzora.  On  the  right,  after 
passing  the  feeders  of  the  Danube,  we  see  the  sources  of 
the  Sereth  and  Pruth,  the  Dniester,  the  Bog,  the  Dnieper, 
the  Don,  and  the  migh^  Volga.  The  elevation,  however, 
is  extrsmely  moderate ;  and  it  appears  from  the  levels  t»> 
ken  with  the  barometer  by  the  Abb^  Chaj^  d'Auteroche, 
that  the  head  of  the  Volga  is  not  more  than  470  feet  above 
the  surface  of  the  ocean.  And  we  may  observe  here  by 
the  bye,  that  its  mouth,  where  it  discharges  its  waters  into 
the  Caspian  Sea,  b  undoubtedly  lower,  by  many  feet,  than 
the  surface  of  the  ocean.  See  PNXirifATics,  vol.  iiL 
Spain  and  Finland,  with  Lapland,  Norway,  and  Sweden, 
form  two  detached  parts,  which  have  little  symmetry  with 
the  rest  of  Europe. 

A  chain  of  mountains  begins  in  Nova  Zembia,  and 
stretches  due  south  to  near  the  Casjnan  Sea,  dividing 
Europe  from  Asia.  About  three  or  four  degrees  north  of 
the  Casjrian  Sea,  it  bends  to  the  south-east,  traverses  west- 
em  Tartary,  and  pasang  between  tlie  Tengis  and  Zaizan 
lakes,  it  then  branches  to  the  east  and  south.  The  east^ 
em  branch  runs  to  die  diores  of  Korea  and  Kamtschatka, 
The  southern  branch  traverses  Turkestan  and  Thibet, 
separating  them  from  India,  and  at  the  head  of  the  king- 
dom of  Ava  jcins  an  arm  stretching  from  the  great  eastern 
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bnuidi,  and  here  fimiiB  the  oentre  of  ■; :  way  fdngtikt  'W^ 
diatkni.    Chains  of  mountains  issue  fram  k  in  evjiy^ee^ 
tioD.    Three  or  four  c£  them  keep  ver^  doie 
dividing  the  oon^nent  into  narrow  slips,  which 
a  great  rivw  flowing  in  the  middle^  and  readnig  t»  Ae 
extreme  points  ci  Malacca,  Cambodia,  and  Oodnftdmia  j 
From  the  same  central  pomt. proceeds  another  gfceat  ridge 
due  east,  and  passes  a  little  north  of  Canton  in  rWaa 
We  called  this  a  singular  ooitre:  for  thbogh  H  sends  off 
so  many  brandies,  it  is  by  no  means  the  most  elevated  pait 
of  the  continent     In  the  triangle  whidi  is  indoded  be* 
tween  the  first  southern  ridge  (which  comes  from  betweai 
the  lakes  Tanges  and  Zaizan),  the  great' eastern  ridge,  and 
its  branch,  which  almost  unites  with  the  southern  ridge^ 
lies  the  Boutan,  and  part  of  Tibet,  and  the  many  littb 
livers  which  occupy  its  surface  flow  southward  and 
ward, '  uniting  a  Uttle  to  the  north  of  the  centre  ofien 
tkmed,  and  then  pass  through  a  goige  eastwardinto  CUoa. 
And  it  is  farther  to  be  observed,  that  these  great  lidges 
do  not  appear  to  be  seated  on  the  highest  parts  of  the 
country ;  for  the  rivers  which  correspond  to  them  are  at 
no  great  distance  from  them,  and  receive  their  chief  sup- 
plies from  the  other  sides.     This  is  remarkably  the  case 
with  the  great  Oby,  which  runs  almost  parallel  to  the  ridge 
from  the  lakes  to  Nova  Zcmbla.     It  receives  its  supplies 
from  the  east,  and  indeed  it  has  its  source  far  east     The 
highest  grounds  (if  we  except  the  ridges  of  mountains 
which  are  boundaries)  of  the  continent  seem  to  be  in  the 
country  of  the  Calmucs,  about  95^  east  from  London,  and 
latitude  43^  or  45"^  north.     It  is  represented  as  a  fine 
though  sandy  country,  having  many  little  rivers  which  lose 
themselves  in  the  sand,  or  end  in  little  salt  lakes.     Thb 
elevation  stretches  north-east  to  a  great  distance ;   and  in 
thb  tract  we  find  the  heads  of  the  Irtish,  Selenga,  and 
Tunguskua  (the  great  feeders  of  the  Oby),  the  Olenitz, 
the  Lena,  the  Yana,  and  some  other  rivers  which  all  go  off 
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to  the  lunrth.  On  the  other  nde  we  have  the  great  riyer 
Amur,  and  many  smaller  rivers,  whose  names  are  not  fa- 
miliar. The  Hoangho,  the  great  river  of  China,  rises  on 
the  south  side  of  the  great  eastern  ridge  we  have  so  often 
mentioned.  This  elevation,  which  is  a  continuation  of  the 
former,  is  somewhat  of  the  same  complexion,  being  very 
sandy,  and  at  present  is  a  desert  of  prodigious  extent  It 
is  described,  however,  as  interspersed  with  vast  tracts  of 
rich  pasture  ^  and  we  know  that  it  was  formerly  the  resi- 
dence  of  a  great  nation,  who  came  south  by  the  name  of 
Turks,  and  possessed  themselves  of  most  of  the  richest 
kingdoms  of  Asia.  In  the  south-western  extremity  of  this 
country  are  found  remmns  not  only  of  barbaric  magnifi- 
cence, but  even  of  cultivation  and  elegance.  It  was  a  pro- 
fitable privilege  granted  by  Peter  the  Great  to  some  ad- 
venturers to  search  these  sandy  deserts  for  remmns  of  for- 
mer opulence,  and  many  pieces  of  delicate  workmanship, 
(though  not  in  a  style  which  we  would  admire)  in  gold  and 
silver,  were  found.  Vaults  were  found  buried  in  the  sand 
filled  with  written  papers,  in  a  character  wholly  unknown ; 
and  a  wall  was  discovered  extending  several  miles,  built 
with  hewn  stone,  and  ornamented  with  comiche  and  battle- 
ments. But  we  are  forgetting  ourselves,  and  return  to  the 
consideration  of  the  distribution  of  the  rivers  on  the  sur- 
face of  the  earth.  A  great  ridge  of  mountains  begins  at 
the  south-cast  corner  of  the  Euxine  Sea,  and  proceeds  east- 
ward, ranging  along  the  south  side  of  the.Caspian,  and  still 
advancing,  unites  with^the  mountiuns  first  mentioned  in 
Thibet,  sending  off  some  branches  to  the  south,  which 
divide  Persia,  India,  and  Thibet  From  the  south  side  of 
this  ridge  flow  the  Euphrates,  Tigris,  Indus,  Ganges,  &c. 
and  from  tlie  north  the  ancient  Oxus  and  many  unknown 
streams. 

There  is  a  remarkable  circumstance  in  this  quarter  of 
the  globe.  Although  it  seems  to  be  nearest  to  the  great- 
est elevations,  it  seems  also  to  have  places  of  the  greatest 
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lowor  than  dw  oMm.    TImk  k  m  itt  iie|§^riho«dbaod  a^     I 
odiar  grast  bann  of  nift  watpr,  the  hdw  Jdrdi  trllidk^M> 
cmw  tlM  watam  of  the  Qxnt  or  Qibum,  whioh  wiaNfitf 
to  h«re  ianmdj  nm  into  the  Ceapun  See.    .ISmm  eie^ 
Mithenlbiebe  a  ^feel  cBftrenee  in  the  lerrii  of  theee  tao 
bums;  nather  have  tfaejr anjr oudet,  tboogh  thajneiife. 
great  men.     There  k  nodier  great  kb  m.  the  wqf 
auddle  ofFtena,  theZaie  or  Zara,  wUch  mema  the 
mcr  Hindfiaend,  of  near  tSO  mika  in  kqglh^  btaiiei 
other  itNema.  There  k  another  audi  in  Aaa  Ifinor.  The 
aen  of  Sodom  and  Oomcnah  k  another  imtanoe.    i^d  in 
the  h^  eeuntrka  we  Bwntioned,  there  are  many  snali  arit 
kkeB|iriiidhreeei?efittkri¥er^  and  have  noooikt  Thekha*  ' 
Zara  in  Pefria,  hoverer^  k  the  only  one  wUeh  indioaleaa 
eanddcndbk  bolloar  of  the  oountiy.    It  k  now  aaeertained^ 
by  aetual  aunrej^  that  the  Sea  of  Sodom  k  ooneiderridf 
Uglier  than  the  Mediterranean.    Thk  fisature  k  nol^  ha»* 
ever,  peodier  to  Anu    It  obtnna  ako  m  Afticay  whoaa 
iivera  we  now  proceed  to  mention. 

Of  them,  however,  we  know  very  little.  The  Nik  in- 
deed k  perhaps  better  known  than  any  river  out  of  Europe. 
By  the  register  of  the  weather  kept  by  Mr  Bruce  at  Goo- 
dar  in  1770  and  1771,  it  appears  that  the  greatest  raios 
are  about  the  b^inning  of  July.  He  says,  that  at  an 
average  each  month  after  June  it  doubles  its  rains.  The 
eaikh  or  canal  k  opened  at  Curo  about  the  9th  of  August, 
when  the  nr&c  has  risen  14  peeks  (each  21  inches),  and 
the  waters  bq;in  to  decrease  about  the  lOth  of  Septem^ 
her.  Hence  we  may  form  a  conjecture  concerning  the 
time  whidi  the  water  employs  in  coming  from  Abyssinia. 
Mr  Bniee  suj^xMes  it  nine  days,  which  supposes  a  velodty 
not  less  than  14  feet  in  a  second ;  a  thing  past  belief,  and 
inoonsistent  with  all  our  notions.  The  general  slope  of 
the  river  k  greatly  diminished  by  several  great  cataracts ; 
and  Mr  Bmoe  ejqpreasly  says,  that  he  might  have  oome 
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down  inim  Senair  to  the  cataracts  of  Syene  in^a  boat,  and 
that  it  is  nayigaUe  fiir  boats  far  above  Sennaar.  He  came 
from  Syene  to  Curo  by  water.  We  apprehend  that  no 
boat  would  venture  down  a  stream  moving  even  six  feet  in 
a  second,  and  none  could  row  up  if  the  velocity  was  three 
feet  As  the  waters  begin  to  decrease  about  the  10th  of 
September,  we  must  conclude  that  the  water  then  flowing 
past  Cairo  had  left  Abyssinia  when  the  rains  had  gready 
abated*  Judging  in  this  way,  we  must  still  allow  the 
stream  a  velocity  of  more  than  mx  feet.  Had  the  first 
swell  at  Cairo  been  noticed  in  1770  or  1771,  we  nught 
have  guessed  better.  The  year  that  Thevenot  was  in 
Egypt,  the  first  swell  of  8  peeks  was  observed  January  98. 
The  calish  was  opened  for  14  peeks  on  August  14th,  and 
the  waters  began  to  decrease  on  September  23d,  having 
risen  to  SI}  peeks.  We  may  suppose  a  mmilar  progress  at 
Cairo  corresponding  to  Mr  Bruce^s  observations  at  6on- 
dar,  and  date  every  thing  five  days  earlior. 

We  understand  that  some  of  our  gentlemen  stationed 
far  up  the  Ganges  have  had  the  curiosity  to  take  notes  of 
the  swellings  of  that  river,  and  compare  them  with  the 
overflowings  at  Calcutta,  and  that  th^  observations  are 
about  to  be  made  public.  Such  accounts  are  valuable  ad- 
ditions to  our  practical  knowledge,  and  we  shall  not  ne- 
glect to  insert  the  information  in  some  kindred  article  of 
this  work. 

The  same  mountains  which  attract  the  tropcal  vapours, 
and  produce  the  fertilising  inundations  of  the  Nile,  per- 
form the  same  office  to  the  famous  Niger,  whose  existence 
has  often  been  accounted  fabulous,  and  with  whose  course 
we  have  very  little  acquaintance.  The  researches  of  the 
gentlemen  of  the  African  association  render  its  existence 
no  longer  doubtful,  and  have  gready  excited  the  pubhc 
curiosity.     For  a  farther  account  of  its  track,  see  Niosb. 

From  the  great  number,  and  the  very  moderate  nae,  of 
the  rivers  which  fall  into  the  Atlantic  OoeAn  all  the  way 
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•outfa  of  the  Ghmbia,  we  ooodade  lliift  iSbm 
18  the  most  devated,  and  that  the  itoiMaipa  mm  ttai^l 
creflt  distance  mtiy^     On  the  other  handU'^he 
"^^ytk^tL  and  Sofida  an  of  a  magiutiida  wfaidi  a 
much  kmger  ooune.    Biit  of  all  tibia  we  qpeak  wHbaaaih, 
uncertainty.  .m 

The  frame-work  (so  to  call  it)  of  America  ia  kHK 
knowDy  and  is  singular. 

A  chain  of  mountuns  begpnsi  or  at  least  ia  Amij^ii 
kx^tude  110^  west  of  London,  and  ktitude  ¥f  w^ 
on  the  northern  confines  of  the  kingdom  of  Mesioo^  sai 
Btretdiing  southward*  through  that  Idngdom,  fixms  Ai 
ridge  of  the  neck  of  land  which  sepairates  North  fiom  Sofi^ 
America,  and  keeping  almost  dose  to  the  sbore^  la^flK 
along  the  whok  western  coast  of  South  America^  h  irmhist 
ing  at  Cape  Horn.    In  its  course  it  sends  off  brsnrhsij 
wfaich^  after  sepamtiqg  fiom  it  for  a  few  leagues^  nqjoa  it> 
agsin,  endosing  valleys  of  great  extent  fiom  north  tssoutl^ 
and  of  prodigious  delation.    In  one  of  these^  undertiis 
equatorial  sun,  stands  the  dtj  of  Quito,  in  the  midst  of 
extensive  fields  of  barley,  oats,  wheat,  and  gardens,  con- 
taining i^ples,  pears,  and  gooseberries,  and,  in  short,  all  the 
grains  and  fruits  of  the  cooler  parts  of  Europe ;  and  al- 
though the  vine  is  also  there  in  perfection,  the  olive  is 
wanting.     Not  a  dozen  miles  from  it  in  the  low  countries^ 
the  sugar-cane,  the  indigo,  and  all  the  fruits  of  the  torrid 
zone,  find  their  congenial  heat,  and  the  inhabitants  swelter 
under  a  burning  sun.     At  as  small  a  distance  on  the 
other  hand,  tower  aloft  the  pinnades  of  Pichincha,  Cor- 
ambourou,  and  Chimboraco,  crowned  with  never-mdling 
snows. 

The  individual  mountains  of  this  stupendous  range  not 
only  exceed  in  height  all  others  in  the  world  (if  we  except 
the  Peak  of  Teneriffe,  Mount  iEtna,  and  Mount  Blanc), 
but  they  are  set  down  on  a  base  incomparably  more  ele- 
vated than  any  t>tha:  country.    They  cut  off  there&fe  all. 
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oomtnunication  between  the  Pacific  Ocean  and  the  inland 
continent ;  and  no  rivers  are  to  be  found  on  the  west  coast 
of  South  America  which  have  any  considerable  length  of 
course  or  body  of  waters.  The  country  is  drained  like 
Africa,  in  the  opposite  direction.  Not  100  miles  from  the 
city  of  Lima,  the  capital  of  Peru,  which  hes  almost  on  the 
sea  shore,  and  just  at  the  foot  of  the  high  Cordilleras, 
arises  out  of  a  small  lake  the  Maragnon  or  Amazon^s  river, 
which,  after  running  northward  for  about  100  miles,  takes 
an  easterly  direction,  and  crosses  nearly  the  broadest  part 
of  South  America,  and  falls  into  the  great  western  ocean 
at  Para,  after  a  course  of  not  less  than  8500  miles.  In  the 
first  half  of  its  descent  it  receives  a  few  middle-sized  rivers 
from  the  north,  and  from  the  south  it  receives  the  great 
river  Combos,  springing  from  another  little  lake  not  50 
miles  distant  from  the  head  of  the  Maragnon,  and  enclos- 
ing between  them  a  wide  extent  of  country.  Then  it  re- 
ceives the  Yuta,  the  Yuerva,  the  Cuchivara,  and  Parana 
Mire,  each  of  which  is  equal  to  the  Rhine ;  and  then  the 
Madeira,  which  has  flowed  above  1300  miles.  At  their 
junction  the  breadth  is  so  great,  that  neither  shore  can  be 
seen  by  a  person  standing  up  in  a  canoe ;  so  tliat  the  unit- 
ed stream  must  be  about  six  miles  broad.  In  this  majestic 
form  it  rolls  along  at  a  prodigious  rate  through  a  flat  coun- 
try, covered  with  impenetrable  forests,  and  most  of  it 
as  yet  untrodden  by  human  feet.  Mr  Condamine,  who 
came  down  the  stream,  says,  that  all  is  silent  as  the  desert, 
and  the  wild  beasts  and  numberless  birds  crowd  round  the 
boat,  eyeing  it  as  some  animal  of  which  they  did  not  seem 
afraid.  The  bed  was  cut  deep  through  an  equal  and 
yielding  soil,  which  seemed  rich  in  every  part,  if  he  could 
judge  by  the  vegetation,  which  was  rank  in  the  extreme. 
What  an  addition  this  to  the  possible  population  of  this 
globe !  A  narrow  slip  along  each  bank  of  this  mighty 
river  would  equal  in  surface  the  whole  of  Europe,  and 
would  probably  exceed  it  in  general  fertility :  and  flJthough 


Cr^;r», 


lb  irdocitj  in  Ae  nni  ibnm  «m  0Dil4* 

that  it  was  extanilj  modsrati^  ntif  ahMit  al3^  jtf  < 

hahitad  ttjaMn,  tiM  In&ni  pn^MW  gqp 
perfeet  eaa&    Boala  could  go  horn  Ftem  to 
iBoiidi  of  the  ICadnm  in  38  daji^  wbUk  m 


Mr  Coadamipe  made  an  obiii  vatkai  dnniy  Ma 
down  tbe  Ifaragnon,  whidi  it  extnmdbf  curioan 
alracd¥e^  aUliough  it  puxded  liim  Toy  mocli«  Ha 
ad  diat  the  tide  was  sensible  at  a  ^ast  distance 
mouth:  it  was  "very  eonsideiable  at  the  jancdaa  af  tfn 
Madeifn;  and  he  supposes  that  it  aftight  have  been' i 
ed  mudi  finrther  up.  TUs  appeared  to  him  w§tj 
ing^  because  there  could  be  no  doubt  but  that  As 
&oe  cf  the  water  there  was  higher  bj  a  great 
than  the  surfiuse  of  the  flood  of  the  Athmtie  Ocean  at  lli 
mouth  <tf  the  rirer.  It  was  thercfure  Teiy  natural 
to  ascribe  the  tide  in  the  Maragnon  to  die  immeciflte 
<^the  moon  on  its  waters ;  and  tlus  explanation  was  ths 
more  reasonable,  because  the  river  extends  in  the  diredioB 
of  terrestrial  lon^tude,  which,  by  the  Newtonian  thecrf, 
is  most  favourable  to  the  production  of  a  tide.  Journeying 
as  he  did  in  an  Indian  canoe,  we  cannot  suppose  that  he 
had  much  leisure  or  conveniency  for  calculations^  and  thefi^ 
fore  are  not  surprised  that  he  did  not  see  that  even  this  cir* 
cumstance  was  of  little  avail  in  so  small  or  shallow  a  body 
of  water.  He  carefully  noted,  however,  the  times  of  high 
and  low  water  as  he  passed  along.  When  arrived  at  Paia, 
he  found  not  only  that  the  high  water  was  later  and  later 
as  we  are  farther  from  the  mouth,  but  he  found  that  at  one 
and  the  same  instant  there  were  several  points  of  high  wattr 
between  Para  and  the  confluence  of  the  Madeira,  with 
points  of  low  water  intervening.  This  conclusion  was  easily 
drawn  from  his  own  observations,  although  he  could  not 
see  at  one  instant  the  high  waters  in  diffiarent  places.    He 
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had  only  to  compute  the  time  of  high  water  al  a 
spot,  on  the  day  he  observed  it  at  another;  allowing,  as 
usual,  fiyr  the  moon^s  change  of  podtion.  The  result  of  his 
observations  therefore  was,  that  the  sur&ce  of  the  river  was 
not  an  inclined  plane  whose  slope  was  lessened  by  the  tide 
of  flood  at  the  mouth  of  the  river,  but  that  it  was  a  waving 
line,  and  that  the  propagation  of  the  tide  up  the  river  was 
nothing  different  from  the  propagation  of  any  other  wave. 
We  may  conceive  it  clearly,  though  imperfectly,  in  this 
way.  Let  the  place  be  noted  where  the  tide  happens  18 
hours  later  than  at  the  mouth  of  ^the  river.  It  is  evident 
that  there  is  also  a  tide  at  the  very  mouth  at  the  same  in- 
stant ;  and,  mnee  the  ocean  tide  had  withdrawn  itself  dur- 
ing the  time  that  the  former  tide  had  proceeded  so  far  up 
the  river,  and  the  tide  of  ebb  is  succesdvely  felt  above  aa 
well  as  the  tide  of  flood,  there  must  be  a  low  water  between 
these  two  high  waters. 

Newton  had  pointed  out  this  curious  fact,  and  observed 
that  the  tide  at  London-Bridge,  which  is  43  feet  above  the 
sea,  b  not  the  same  with  that  at  Gravesend,  but  the  pre- 
ceding tide  (See  PhU.  Trans.  67.)  This  will  be  more 
particularly  inusted  on  in  another  place. 

Not  far  from  the  head  of  the  Maragnon,  the  Cordilleras 
send  cff  a  branch  to  the  north-east,  which  reaches  and 
ranges  along  the  shore  of  the  Mexican  Gulf,  and  the 
Rio  Grande  de'  Sta  Martha  occupies  the  angle  between  the 
ridges. 

Another  ridge  ranges  with  interruptions  along  the  east 
coast  of  Terra  Firma,  so  that  the  whole  waters  of  this 
country  are  collected  into  the  Oroonoko.  In  Uke  manner 
the  north  and  east  of  Brasil  are  hemmed  in  by  mountainous 
ridges,  through  which  there  is  no  conriderable  passage ; 
and  the  ground  slofung  backwards,  all  the  waters  of  this 
immense  track  are  collected  from  both  rides  by  many  con- 
siderable rivers  into  the  great  river  Paraguay,  or  Bio  de  la 
Plata,  which  runs  down  the  middle  of  tins  country  for  more 
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than  iMOnuki.  and  falls  into  the  flntfaiBii^^mttl 
in  latitude  S5o.  •        ' 

Thus  the  whde  of  South  America aeens  «iif  hi 
formerly  surrounded  by  a  mound,  and  bMn  # 
The  ground  in  the  middle,  where  the  PaMM,  the 
and  dw  Phta,  take  thdr  rise^  is  an  immenaeinanbi 
habitanb  for  its  ezhaktions,  and  quite  ii 
present  state* 

The  manner  in  whidi  the  continent  of  Noitii 
watered,  or  rather  drained,  has  also  some 
By  looking  at  the  map,  one  will  observe  first  of  nU  s 
xal  di^on  of  the  whcde  of  the  best  known  put  inla  Ml^i 
by  the  ralleys  in  which  the  beds  of  the  vntx  St 
and  Misossii^  are  mtuated.    The  head  of  tfaia  is 
by  a  angular  ^series  of  fresh- water  seas  or  lakes^  Ti&'At 
lake  Superior  and  Michigan,  which  empt  j  themselves  iiii . 
lake  Huron  by  two  cataracts.    This  again  runs  into  Us 
Erie  by  the  river  Detrmt,  and  the  Erie  pcMirs  its 
into  the  Ontario  by  the  famous  fall  of  Niagara, 
the  Ontario  proceeds  the  great  river  St  Laurence.  4 

The  ground  to  the  south-west  of  the  lakes  Superior  and 
Erie  is  somewhat  lower,  and  the  middle  of  the  valley  is  oc- 
cupied by  the  Mississippi  and  the  Missouri,  which  reoQve 
on  both  sides  a  number  of  smaller  streams,  and  having 
joined,  proceed  to  the  south,  under  the  name  Mississipp. 
In  latitude  37,  this  river  receives  into  its  bed  the  Ohio,  s 
river  of  equal  magnitude,  and  the  Cherokee  river,  which 
drains  all  the  country  lying  at  the  back  of  the  United 
States,  separated  from  them  by  the  ranges  of  the  Apala- 
chian  mountains.     The  Mississippi  is  now  one  of  the  chief 
rivers  on  the  globe,  and  proceeds  due  south,  till  it  falls 
into  the  Mexican  bay  through  several  shifting  mouths, 
which  greatly  resemble  those  of  tlie  Danube  and  the  Nile, 
having  run  above  1200  miles. 

The  elevated  country  between  this  bed  of  the  Mississippi 
and  St  Laurence  and  the  Atlantic  Ocean  is  drained  on  the 
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cast  ade  fay  a  great  number  of  rivers,  some  of  which  are 
very  considerable,  and  of  long  course ;  because,  instead  of 
being  nearly  at  right  angles  to  the  coast,  as  in  other  coun- 
tries, they  are  in  a  great  measure  parallel  to  it.  This  is 
more  remarkably  the  case  with  Hudson^s  river,  the  Dela- 
ware, Patomack,  Bapahanoc,  &c.  Indeed  the  whole  of 
North  America  seems  to  consist  of  ribs  or  beams  laid  near- 
ly parallel  to  each  other  from  north  to  south,  and  the  rivers 
occupy  the  interstices.  All  those  which  empty  them- 
selves into  the  bay  of  Mexico  are  parallel  and  almost  per- 
fectly straight,  unlike  what  are  seen  in  other  parts  of  the 
world.  The  westermost  of  them  all,  the  North  River,  as 
it  is  named  by  the  Spaniards,  is  nearly  as  long  as  the  Mis- 
sis^ppi. 

We  are  very  little  informed  as  yet  of  the  distribution  of 
rivers  on  the  north-west  coast  of  America,  or  the  course  of 
those  which  run  into  Hudson^s  and  Baffin^s  Bay. 

The  Maragnon  is  undoubtedly  the  greatest  river  in  the 
world,  both  as  to  length  of  run  and  the  vast  body  of  water 
which  it  rolls  along.  The  other  great  rivers  succeed  nearly 
in  the  following  order : 


Maragnon, 

Amur, 

Senegal, 

Oroonoko, 

NUe, 

Ganges, 

St  Laurence, 

Euphrates, 

Hoangho, 

Danube, 

Rio  de  la  Flata, 

Don, 

Yenisey, 

Indus, 

Mississippi, 

Dnieper, 

Volga, 

Duina, 

Oby, 

&C. 

We  have  been  much  as^ted  in  this  account  of  the 
course  of  rivers,  and  their  distribution  over  the  globe,  by  a 
beautiful  planisphere,  or  map  of  the  world,  pubUshed  by  Mr 
Bode,  astronomer  royal  at  Berlm.  The  ranges  of  moun- 
tains are  there  liud  down  with  philosophical  discernment 


flMdpfMnoa;  and  ve  noomMod  it  tote 
gepi^aphen.  W«  oumot  dmne  what  hi^  i 
fimtDii^  that  the  eonne  of  aoott  zitn  b 
wcitv  or  firoiD  wnt  lo  eaat*  No  phjncal  point  of  Ua  ^|ap 
tern  aeems  to  raqniro  it,  and  itnaadaonlydMitwelooktf 
luB  own  map  to  aea  its  faUtjr*  We  AcfM  BntotaDjr  flfr 
pact  to  find  the  gimral  coorae  of  riTCta  nonl j  pafpadL 
Gular  to  the  line  of  aea^eoaat;  and  we  find  it  ao;  aoaiAi 
diief  exoepdona  are  in  oppoalion  to  Mr  BuAmli  aMBdflit 
The  Btructmeof  America  is  sopaiticular,  thnt  verjfjtmtt 
ita  men  have  their  general  coarse  in  this  direction.  Ws 
proceed  now  to  conaider  the  motion  of  riTera ;  m  mAjdA 
which  naturally  reeolves  itself  into  two  parte,  DtiBfiifcay 
uadpradical. 


Pabt  I. 

THEORY  OF  THE  MOTION  OP  RIVERS 

AND  CANALS. 

Thk  importance  of  this  subject  needs  no  commen- 
tarj.  Every  nation,  every  country,  every  aty^  is  interest- 
ed in  it  Neither  our  wants,  our  comforts,  nor  our  ple^ 
sures,  can  dispense  with  an  ignorance  of  it  We  must  con- 
duct their  waters  to  the  centre  of  our  dwellings ;  we  must 
secure  ourselves  agunst  their  ravages ;  we  must  employ 
them  to  drive  those  machines  which,  by  compensating  for 
our  personal  weakness,  make  a  few  able  to  perform  the 
work  of  thousands ;  we  employ  them  to  water  and  fertilise 
our  fields,  to  decorate  our  manaons,  to  cleanse  and  em- 
bellish our  cities^  to  preserve  or  extend  our  demesnes,  to 
tran^rt  from  county  to  county  every  tlung  which  neoes- 
sity,  convenience,  or  luxury,  has  rendered  precious  to  man: 
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for  these  purposes  we  must  confine  and  govern  the  mighty 
nyers,  we  must  preserve  or  change  the  beds  of  the  smaller 
streams,  draw  off  from  them  what  shall  water  our  fields, 
drive  our  machines,  or  supply  our  houses.  We  must  keep  up 
their  waters  for  the  purposes  of  navigation,  or  supply  their 
places  by  canals ;  we  must  drain  our  fens,  and  defend  them 
when  drained;  we  must  understand  their  motions,  and  their 
mode  of  secret,  slow,  but  unceasing  action,  that  our  bridges, 
our  wharfs,  our  dikes,  may  not  become  heaps  of  ruins.  Ig- 
norant  how  to  proceed  in  these  dmly-recurring  cases,  how 
often  do  we  see  projects  of  high  expectation  and  heavy  ex- 
pense fail  of  their  object,  leaving  the  state  burdened  with 
works  not  only  useless  but  frequently  hurtful  ? 

This  has  long  been  a  most  interesting  subject  of  study  in 
Italy,  where  the  fertility  of  their  fields  is  not  more  indebted 
to  their  rich  soil  and  happy  climate,  than  to  their  numerous 
derivations  from  the  rivers  which  traverse  them :  and  in 
Holland  and  Flanders,  where  their  very  existence  requires 
unceasing  attention  to  the  waters^  which  are  every  moment 
ready  to  swallow  up  the  inhabitants,  and  where  the  inha- 
bitants, having  once  subdued  this  formidable  enemy,  have 
made  thbse  very  waters  their  indefatigable  drudges,  tran- 
sporting  through  every  comer  of  the  country  the  materials 
of  the  most  extensive  commerce  on  the  face  of  this  globe. 

Such  haVitlg  been  our  incessant  occupations  with  moving 
waters,  we  should  expect  that  while  the  operative  artists  are 
continually  fbrnishing  facts  and  experiments,  the  man  of 
speculative  and  scientific  curiosity,  excited  by  the  import- 
ance of  the  subject,  would  ere  now  have  made  conaderable 
progress  in  the  science ;  and  that  the  professional  engineer 
would  be  daily  acting  from  established  principle,  and  be 
seldom  disappointed  in  his  expectations.  Unfortunately 
the  reverse  of  this  is  nearly  the  true  state  of  the  case ;  each 
engineer  is  obliged  to  collect  the  greatest  part  of  his  know- 
ledge from  his  own  experience,  and  by  many  dear-bought 
lessons,  to  direct  his  future  operations,  in  which  he  still 
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proceeds  with  anxiety  and  hesitatiun :  I'or 
acquiTL-d  principles  of  theory,  and  experiments  have  not 
yet  been  collected  and  published,  by  which  an  empirical 
practice  might  be  safely  fanned.  Many  cxperimenU  of  in- 
estimable  value  are  daily  made;  but  they  remain  with 
tlieir  authors,  wlio  seldom  have  eitlier  leisure,  ability,  or 
generosity,  to  add  them  to  the  public  stuck. 

The  motion  of  waters  have  been  really  so  little  in- 
vestigated as  yet,  that  hydraulics  may  still  be  called  a  new 
study.  We  have  merely  skimmed  over  a  few  coiumoa  no- 
tions concerning  tiic  motions  of  water  i  and  the  mathema- 
ticians of  the  first  order  seem  to  have  contented  thcmfeelvei 
with  such  views  as  allowed  them  to  entertain  themselves 
with  elegant  applications  of  calculus.  This,  however,  has 
not  been  their  fault.  They  rarely  hod  any  opportunity  d 
doing  more,  for  want  of  a  knowledge  of  facts.  They  have 
made  excellent  use  of  the  few  which  liave  been  given  them; 
but  it  required  much  labour,  great  variety  of  opportunity, 
and  great  expense,  to  learn  the  multiplicity  of  things  which 
are  combined  even  in  the  simplest  cases  of  water  in  motion. 
These  are  seldom  the  lot  of  the  mathematician  ;  and  he  is 
without  blame  when  he  enjoys  the  pleasures  within  his 
reach,  and  cultivates  the  science  of  geometry  in  its  moat 
abstracted  form.  Here  he  makes  a  progress  which  is  the 
boost  of  human  reason,  being  almost  ensured  from  error  by 
the  intellectual  simplidty  of  his  subject.  But  when  we 
turn  our  attention  to  material  objects,  and  without  know- 
ing either  the  nze  and  shape  of  the  elementary  particles, 
or  the  laws  which  nature  has  prescribed  for  their  action, 
presume  to  foresee  their  efiects,  calculate  their  exertions, 
direct  their  actions,  what  must  be  the  consequence  ?  Na- 
ture shows  her  independence  with  respect  to  our  notions, 
and,  always  fmthful  to  the  laws  which  are  enjoined,  and  of 
which  we  are  ignorant,  she  never  fails  to  thwart  our  views, 
to  disconcert  our  projects,  and  render  useless  all  our  ef- 
forts. 
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To  wish  to  know  the  nature  of  the  elements  is  vun, 
and  our  gross  organs  are  insufficient  for  the  study.  To 
suppose  what  we  do  not  know,  and  to  fancy  shapes  and 
fflzes  at  will ;  this  is  to  raise  phantoms,  and  will  produce  a 
system,  but  will  not  prove  a  foundation,  for  any  science. 
But  to  interrogate  Nature  herself,  study  the  laws  which  she 
so  faithfully  observes,  catch  her,  as  we  say,  in  the  fact,  and 
thus  wrest  from  her  the  secret ;  this  is  the  only  way  to  be- 
come her  master,  and  it  is  the  only  procedure  consistent 
with  good  sense.  And  we  see,  that  soon  after  Kepler  de- 
tected the  laws  of  the  planetary  motions,  when  Galileo  dis- 
covered the  uniform  acceleration  of  gravity,  when  Paschal 
discovered  the  pressure  of  the  atmosphere,  and  Newton  dis- 
covered the  laws  of  attraction  and  the  track  of  a  ray  of 
light ;  astronomy,  mechanics,  hydrostatics,  chemistry,  op- 
tics, quickly  became  bodies  of  sound  doctrine ;  and  the  de- 
ductions  from  their  respective  theories  were  found  fair  re- 
presentations of  the  phenomena  of  nature.  Whenever  a 
man  has  discovered  a  law  of  nature,  he  has  laid  the  foun- 
dation of  a  science,  and  he  has  given  us  a  new  mean  of  sub- 
jecting to  our  service  some  element  hitherto  independent  : 
and  so  long  as  groups  of  natural  operations  follow  a  route 
which  appears  to  us  whimsical,  and  will  not  admit  our  cal- 
culations, we  may  be  assured  that  we  are  ignorant  of  the 
jnrinciple  which  connects  them  all,  and  regulates  their  pro- 
cedure. 

This  is  remarkably  the  case  with  several  phenomena 
in  the  motions  of  fluids,  and  particularly  in  the  motion  of 
water  in  a  bed  or  conduit  of  any  kind.  Although  the  first 
geniuses  of  Europe  have  for  this  century  past  turned  much 
of  their  attention  to  this  subject,  we  are  ahnost  ignorant  of 
the  general  laws  which  may  be  observed  in  their  motions. 
We  have  been  able  to  select  very  few  points  of  resemblance, 
and  every  case  remains  nearly  an  individual.  .  About  150 
years  ago  we  discovered,  by  experience  only,  the  quantity 
and  velocity  of  water  issuing  from  a  small  orifice,  and,  af- 
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ter  mud)  labour,  have  eiitcnded  thia  to  any  cvi&ce 
lliis  is  almost  the  whole  of  ourconfidL-ntial  knowledj^e.  But  i 
na  to  the  uniform  course  of  th<;  streams  whicli  water  thr 
fue  of  the  earth,  and  the  maxims  wluch  will  certainly  m- 
gulate  this  agreeably  to  our  wiahes,  we  are  in  a  manna 
totiUly  ignorant.  Who  can  pretend  to  say  what  is  tie 
velocity  of  a  river  of  which  you  tell  him  the  breadtl^ 
the  depth,  and  the  declivity  ?  Who  can  soy  what  swell  wffl 
be  produced  in  different  parts  of  its  course,  if  a  dam  of 
weir  of  ^ven  dimenuons  be  made  in  it,  w  a  bridge  bf 
thrown  across  it  ?  or  how  much  its  waters  vrill  be  raised  bf 
turning  another  stream  into  it,  or  sunk  by  taking  offa 
branch  to  drive  a  mill  ?  Who  can  say  with  confidenof 
what  must  be  the  dimensions  or  slope  of  this  branch,  io  oi^ 
der  to  furnish  the  water  that  is  wanted,  or  the  diniensioai 
and  slope  of  a  canal  which  shall  eflectually  drain  a  fenny 
district  ?  Who  can  say  what  form  will  cause  or  will  pre. 
vent  the  undermining  of  hanks,  tlie  forming  of  elbows,  tb« 
pooling  of  the  bed,  or  the  deposition  of  sands  F  Yet  these 
are  the  most  important  questions. 

The  causes  of  this  ignorance  are  the  want  or  unoer- 
tainty  of  our  prioraplee ;  the  falsity  of  our  only  tbeocy, 
which  is  belied  by  expaience;  and  the  small  numhOTof 
proper  observations  or  experim«its,  and  difficulty  of  mak- 
ing such  as  shall  he  Bcrviceahle,  We  have,  it  is  Vnie,  made 
a  few  experiments  on  the  efflux  of  waler  from  small  milices, 
and  from  them  we  have  deduced  a  sort  of  theory,  depend- 
ent on  the  fall  of  heavy  bodies  and  the  laws  of  hydrostatic 
pressure.  Hydrostatics  is  indeed  founded  on  very  sin^^ 
prindplea,  which  g^ve  a  very  good  account  of  the  laws  of 
the  quiescent  equililKiutn  of  fluids,  in  consequence  ofgn- 
vity  and  perfect  fluidity.  But  by  what  train  of  reasoniog 
can  we  connect  these  with  the  phenomena  of  the  unifonn 
motion  df  the  wat^v  of  a  rivet  or  open  stream,  whioh  can 
dmve  iU  motion  only  friNn  the  slope  of  its  surface,  and  the 
modifications  of  this  motion  or  its  velocity  only  from  the 


THSOET  OF  ElVVBS.  893 

width  and  depth  of  the  stream  ?  These  are  the  only  dr- 
cumstances  which  can  distinguish  a  portion  of  a  river  from 
a  vessel  of  the  same  nie  and  shape,  in  which,  however,  the 
water  is  at  rest.  In  both,  gravity  is  the  sole  cause  of  pres- 
sure and  motion  ;  but  there  must  be  some  circumstance  pe- 
culiar to  running  waters,  which  modifies  the  exertions  of 
the  acdve  principle,  and  which,  when  discovered,  must  be 
the  baas  of  hydraulics,  and  must  oblige  us  to  reject  every 
theory  founded  on  fancied  hypotheses,  and  which  can  only 
lead  to  absurd  conclusions :  and  surely  absurd  consequences, 
when  legitimately  drawn,  are  complete  evidence  of  impro- 
per princijJes. 

When  it  was  discovered  experimentally,  that  the  ve- 
locities  of  water  issuing  from  orifices  at  various  depths  un- 
der the  surface  were  as  the  square  roots  of  those  depths, 
and  the  fact  was  verified  by  repeated  experiments,  this  prin- 
ciple was  immediately  and  without  modification  applied  to 
every  motion  of  water.  Mariotte,  Varignon,  Guglielmini, 
made  it  the  basis  of  complete  systems  of  hydraulics,  which 
prevail  to  this  day,  after  having  received  various  amend- 
ments and  modifications.  The  same  reasoning  obtains 
through  them  all,  though  frequently  obscured  by  other 
circumstances,  which  are  more  conspicuously  expressed  by 
Guglielmini  in  bis  Fundamental  Theorems. 

He  considers  every  point  P  (Plate  IX.  Fig.  1.)  in  a 
mass  of  fluid  as  an  orifice  in  the  side  of  a  vessel,  and  con- 
ceives the  particle  as  having  a  tendency  to  move  with  the 
same  velocity  with  which  it  would  issue  from  the  orifice. 
Therefore,  if  a  vertical  line  APC  be  drawn  through  that 
point,  and  if  this  be  made  the  axis  of  a  parabolic  ADE,  of 
which  A  at  the  surface  of  the  fluid  is  the  vertex,  and  AB 
(four  times  the  height  through  which  a  heavy  body  would 
hH  in  a  second)  is  the  parameter,  the  velocity  of  this  per« 
tide  will  be  represented  by  the  (ordinate  PD  of  this  para, 
bola;  that  is,  PD  is  the  space  which  it  would  uniformly 
describe  in  a  second. 
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From  this  principle  is  derived  the  following  theory  rf 
running  waters : 

Let  DC  (Fig.  2.)  be  the  horizontal  bottom  of  a  reservoir, 
to  which  is  joined  a  sloping  channel  CKof  uniform  breadth, 
and  let  AB  be  the  surface  of  the  standing  water  in  the  re- 
servoir.  Suppose  Uie  vertical  plane  BC  pierced  with  n 
infinity  of  botes,  through  each  of  which  the  water  ima 
The  velocity  of  each  filament  will  be  that  which  is  acquired 
by  falling  from  the  surface  AB.  "f-  The  filament  C,  iao- 
ing  with  this  velocity,  will  then  glide  down  the  incliwd 
plane  like  any  other  heavy  body ;  and  (by  the  commco 
doctrine  of  the  motion  down  an  inclined  plane)  when  it  ha 
arrived  at  F,  it  will  have  the  same  velocity  which  it  would 
fiavc  acquired  by  falling  through  the  height  OF,  the  point 
O  being  in  the  horizontal  plane  AB  produced.  The  same 
may  be  said  of  its  velocity  when  it  arrives  at  H  or  K.  The 
filament  immediately  above  C  will  also  issue  with  a  veloci- 
ty which  is  in  the  subduplicate  ratio  of  its  depth,  and  'iB 
then  glide  down  above  the  first  filament.  The  same  may  be 
affirmed  of  atl  the  filaments ;  and  of  the  superficial  filament, 
which  will  occupy  the  surface  of  the  descending  stream. 

From  this  account  of  the  genesis  of  a  running  stream  of 
water,  we  may  fairly  draw  the  following  consequences  i 

1.  The  velocity  of  any  particle  R,  in  any  part  of  tJie  stream, 
is  that  acquired  by  falling  from  the  horizontal  plane  AN. 

2.  The  velocity  at  the  bottom  of  the  stresm  b  every- 
where greater  than  anywhere  above  it,  and  is  least  of  all  at 
the  surface. 

3.  The  vclodty  of  the  stream  increases  continually  as  the 
stream  recedes  from  its  source. 

4.  The  depths  EF,  GH,  &c  in  different  parts  d"  the 
stream,  will  be  nearly  in  the  inverse  subduplicate  ratio  of 
the  depths  under  the  surface  AN :  for  since  the  same  quan- 
tity of  water  is  running  through  every  section  EF  and 

+  See  Giiglklmiiii'i  i/^dnmlici. 
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6H9  and  the  channel  is  supposed  of  unifonn  breadth,  the 
depth  of  each  section  must  be  inversely  as  the  velocity  of 
the  water  pasang  through  it.  This  velocity  is  indeed  dif- 
ferent in  different  filaments  of  the  section ;  but  the  mean 
velocity  in  each  section  is  in  the  subduplicate  ratio  of  the 
depth  of  the  filament  under  the  surface  AB.  Therefore 
the  stream  becomes  more  shallow  as  it  recedes  from  the 
source ;  and  in  consequence  of  this  the  difierence  between 
LH  and  MG  continually  diminishes,  and  the  velocities  at 
the  bottom  and  surface  of  the  stream  continually  approach 
to  equality,  and  at  a  great  distance  from  the  source  they 
differ  insensibly. 

5.  If  the  breadtj;!  of  the  stream  be  contracted  in  any 
part,  the  depth  of  the  running  water  will  be  increased  in 
that  part,  because  the  same  quantity  must  still  pass  through ; 
but  the  velocity  at  the  bottom  wi]l  remain  the  same,  and 
that  at  the  surface  will  be  less  than  it  was  before ;  and  the 
area  of  the  section  will  be  increased  on  the  whole. 

6.  Should  a  sluice  be  put  across  the  stream,  dipping  a 
little  into  the  water,  the  water  must  immediately  rise  on  the 
upper  side  of  the  sluice  till  it  rises  above  the  level  of  the 
reservoir,  and  the  smallest  immersion  of  the  sluice  will  pro- 
duce this  effect.  For  by  lowering  the  sluice,  the  area  of 
the  section  is  diminished,  and  the  velocity  cannot  be  in- 
creased till  the  water  heap  up  to  a  greater  height  than  the 
surface  of  the  reservoir,  and  this  acquires  a  pressure  which 
will  produce  a  greater  velocity  of  efflux  through  tlie  orifice 
left  below  the  sluice. 

7.  An  additional  quantity  of  water  coming  into  this 
channel  will  increase  the  depth  of  the  stream,  and  the  quan- 
tity of  water  which  it  conveys ;  but  it  will  not  increase  the 
velocity  of  the  bottom  filaments,  unless  it  comes  from  a 
higher  source. 

All  these  consequences  are  contrary  to  experience,  and 
show  the  imperfection,  at  least,  of  the  explanation. 

The  third  consequence  is  of  all  the  most  contrary  to  ex* 


pBiifno&.  If  any  onie  ifill  but  tfdke  the  tnniUe  of  foUaif- 
i(Pg  ^  niiigle  brook  fnw  iti|  source  to  the  wa,  he  will  find  it 
BUj^  xafud  10  its  heguu^iDgs  ^moi^  tbe  pountawBs,  gra- 
4MiUy  f|^M'.^^jening  ifB  pape  as  it  winds  among  ij»  hills  and 
.if      grn^lev  d0cliTiAie%  and  4^  lart  cac^epii^  sbwly  al^^ 

4n?  flat  groimds,  till  it  is  checked  amJ  broi^ht  tp  r?0t  by. 
4tt  ^dafi  of  the  oo^an. 

Nor  ia  4|B  aeppnd  epnsequ^oce  more  i^greeable  to  obser-* 
TatidD.    Itis,un|Vfp;8a%£9l^ldt  th^utthevelQcit^ 
iSnpfrin.  the  middle  of  Ijbe  streani,  is  the  gireatest  of  all,  and 
l|^4  it  gradually  difmjnishfa  £nom  thence  to  tl^  botttan  and 

4aid  the  first  consequience,  if  true,  would  render  the 
XMupiBg  waters  on^  the  surftoe  of  thiaearth  tl|ie  instruments 
€f  iagnqcdiate  ruin  and  derastatipipu.  If  the  waters  of  our 
ii?arB^  ifk  the  cukiyated  parts  of  a  country,  which  are  two, 
Hm%  «id  fiwr  hundred  feet  lower  than  their  sources,  run 
inth  the  velpcity  due  tp.  that  height,,  they  would  in  a  few 
;  /^  minutes  lay  the  earth  bare  to  the  very  bones. 
/  "^ '  The  velocities  of  oui:  rivers,  brooks,  and  rills,  being  so 
greatly  inferior  to  what  this  theory  assigns  to  them,  the 
other  consequences  axe  equally  contrary  U>  experience. 
When  a  stream  has.  its  section  diminished  by  narrowing 
the  channel,  the  currei^t  utcreases  in  depth,  and  this  is  al- 
ways accompanied  by  an  increase  of  velocity  through  the 
whole  of  the  section,  and  mo9t  of  all  at  the  surface ;  and 
the  area  of  the  section  does  not  increase,  but  diminides,  all 
the  phenomena  thus  contradicting  in  every  drcumstance 
the  deduction  from  the  theory ;  and  when  the  section  has 
been  diminished  by  a  sluice  let  down  into  the  stream,  the 
water  gradually  heaps  up  on  the  upper  side  of  the  sluice, 
and,  by  its  pressure,  produces  an  acceleration  of  the 
stream  below  the  sluice,  in  the  same  way  as  if  it  were  the 
b^innmg  of  a  stream,  as  explained  in  the  theory.  The 
velocity  now  is  composed  of  the  velocity  preserved  from 
the  source  and  the  velocity  produced  by  thia  eubordinate 
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accumulation;  and  this  accumulation  and  vdocity  conti- 
nually increase,  till  they  become  such  that  the  whole  sup- 
ply is  agtun  discharged  through  this  contracted  section: 
any  additional  water  not  only  increases  the  quantity  carried 
along  the  3tream»  but  also  increases  the  vetocity}  and  tl^ere- 
ibre  the  section  does  not  increase  in  the  proportion  of  the 
quantity. 

It  is  surpriang  that  a  theory  really  founded  on  a  co&- 
oeit,  and  which  in  every  the  most  familiar  and  obvious  cir- 
cumstance is  contradicted  by  facts,  should  have  met  with 
flo  much  attention.  That  Varignon  should  immediately 
catch  at  this  notion  of  Guglielmiui,  and  make  it  the  sub- 
ject of  many  elaborate  analytical  memoirs,  is  not  to  be 
wondered  at.  This  author  only  wanted  donner  prise  au 
calcul;  and  it  was  a  usual  joke  among  the  academicians  of 
Paris,  when  any  new  theorem  was  invented,  donnons  U  i 
Vaignon  i  generaUseT'  But  his  numerous  theorems  and 
corollaries  were  adopted  by  all,  and  still  make  the  sub* 
stance  of  the  present  systems  of  hydraulics.  Gravesande, 
Mushenbrock,  and  all  the  elementary  treatises  of  natural 
philosophy,  deliver  no  other  doctrines ;  and  Belidor,  who 
has  been  considered  as  the  first  of  all  the  scientific  en- 
gineers, details  the  same  theory  in  his  great  work  the 
Architecture  Hydraulique. 

Guglielmini  was,  however,  not  altogether  the  dupe  of 
his  own  ingenuity.  He  was  not  only  a  pretty  good  mathe- 
matician, but  an  assiduous  and  sagacious  observer.  He 
had  applied  his  theory  to  some  important  cases  which  oc- 
curred in  the  course  of  his  prolestton  as  inspector  of  the 
rivers  and  canals  in  the  Milanese,  and  to  the  course  of  the 
Danube ;  and  could  not  but  perceive  that  great  corrections 
were  necessary  for  making  the  theory  quadrate  in  some  to- 
lerable manner  with  observation ;  and  he  immediately  saw 
that  the  motion  was  gready  obstructed  by  inequalities  of  the 
canal,  which  gave  to  the  contiguous  filaments  of  the  stream 
transverse  motions,  which  thwarted  and. confused  there- 
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gular  progress  of  the  rest  of  the  stream,  and  thus  chedccd 
its  general  progress.  These  obstructions,  he  observed, 
were  most  effectual  in  the  beginning  of  its  course,  white  yet 
a  small  rill,  niniuDg  among  stones,  and  in  a  very  uncqiul 
bed.  The  whole  stream  being  small,  the  inequalities  bore 
a  great  proportion  to  it,  and  thus  the  general  effect  wu 
great.  Me  also  saw  that  the  same  causes  (these  traovcnt 
motions  produced  by  the  unequal  bottom)  chiefly  aifectd 
the  contiguous  filaments,  and  were  the  reasons  why  die 
velocity  at  the  sides  and  bottom  was  so  much  duntimbed 
as  to  be  less  titan  the  superticial  velocity,  and  that  evai 
this  might  come  to  be  diminished  by  the  same  caiue. 
For  he  observed,  that  the  general  stream  of  a  river  is  (re- 
quently  composed  of  a  sort  of  boiling  or  tumbling  motioo, 
by  which  masses  of  water  are  brought  up  to  the  Gurface 
and  again  descend.  Every  person  must  recollect  such  ap- 
pearances in  the  freshes  of  a  muddy  river;  and  io  tbii 
way  Guglietmini  was  enabled  to  account  in  some  measm  ■ 
for  the  disagreement  of  his  theory  with  observation.  I 

Mariotte  had  observed  the  same  obstructions  even  in  the 
smoothest  glass  pipes.  Here  it  could  not  be  ascribed  (o 
the  checks  occasioned  by  tranverse  motions.  He  therefore 
ascribed  it  to  friction,  which  he  supposed  to  diminish  the 
motion  of  fluid  bodies  in  the  same  manner  as  of  solids: 
and  he  thence  concludes,  that  the  filaments  which  imme- 
diately rub  on  the  sides  of  the  tube  have  their  velocity  gra> 
dually  diminished ;  and  that  the  filaments  immediately  ad- 
joining to  these,  being  thus  obliged  to  pass  over  them  (h* 
outstrip  them,  rub  upon  them,  and  have  their  own  velodty 
diminished  in  like  manner,  but  in  a  smaller  degree ;  and 
that  the  succeeding  filaments  towards  the  axis  of  the  tube 
suffer  similar  but  smaller  diminutions.  By  this  means  the 
whole  stream  may  come  to  have  a  smaller  velocity  ;  and, 
at  any  rate,  the  medium  velocity  by  which  the  quantity 
diflchai^ed  is  determined,  is  smaller  than  it  would  have 
independent  of  friction. 
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Guglielmini  adopted  this  opinion  of  Mariotte,  and  in 
his  next  work,  on  the  Motion  of  Rivers,  oonndered  this  as 
the  clwef  cause  of  the  retardation ;  and  he  added  a  third 
circumstance,  which  he  conndered  as  of  no  less  conse- 
quence, the  viscidity  or  tenacity  of  water.  He  observes 
that  syrup,  oil,  and  other  fluids,  where  this  visddity  is 
more  remarkable,  have  their  motions  prodigiously  retarded 
by  it,  and  supposes  that  water  differs  from  them  only  in 
the  degree  in  which  it  possesses  this  quality :  and  he  says, 
that  by  this  means  not  only  the  particles  which  are  moving 
more  rapidly  have  their  motions  diminished  by  those  in 
thdr  neighbourhood  which  move  slower,  but  that  the  filar 
ments  also  which  would  have  moved  more  slowly  are  acce- 
lerated by  their  more  active  neighbours ;  and  that  in  this 
manner  the  superficial  and  inferior  velodties  are  brought 
nearer  to  an  equality.  But  this  will  never  account  for  the 
universal  fact,  that  the  superficial  particles  are  the  swiftest 
of  all.  The  superficial  particles,  says  he,  acquire  by  this 
means  a  greater  velocity  than  the  parabolic  law  allows 
them ;  the  medium  velocity  is  often  in  the  middle  of  the 
depth ;  the  numerous  obstacles,  continually  multiplied  and 
repeated,  cause  the  current  to  lose  the  velocity  acquired  by 
the  fall;  the  slope  of  the  bottom  then  diminishes,  and 
often  becomes  very  small,  so  that  the  force  remaining  is 
hardly  able  to  overcome  the  obstacles  which  are  still  re- 
peated, and  the  river  is  reduced  almost  to  a  state  of  stag- , 
nation.  He  observes,  that  the  Bheno,  a  river  of  the  Mi- 
lanese, has  near  its  mouth  a  slope  of  no  more  than  hl^\ 
which  he  considers  as  quite  inadequate  to  the  ta^k ;  and 
here  he  introduces  another  principle,  which  he  connders  as 
an  essential  part  of  the  theory  of  open  currents.  This  is, 
that  there  arises  from  the  very  depth  of  the  stream  a  pro- 
pelling force  which  restores  a  part  of  the  lost  velocity.  He 
offers  nothing  in  proof  of  this  principle,  but  uses  it  to  ac- 
count for  and  explain  the  motion  of  waters  in  horizontal 
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canals.     The  principle  has  been  adopted  by  llie 
Italian  writers  on  hydraulics  i  and,  by  various 
ces,  interwoven  widi  the  parabolic  theory,  as  it  is  cdkd,  of 
Guglielmini.     Our  reader  may  see  it  in  various  modilica-     ,| 
tions  in  the  Jdroafatka  e  Idraulka  of  P.  Lecchi,  and  in  the     \ 
Sperienze  Idrauliclie  of  Michelottl.     It  is  by    no   meant      1 
distinct  either  in  its  origin  or  in  the  manner  of  its  appUca-     I 
tlon  to  the  explanation  of  phenomena,  and  seems  only  to     | 
serve  for  giving  wmetliing  like  consistency  to  the  vague      | 
and  obscure  discussions  which  have  been  pubhsbed  on  this      i 
subject  in  Italy.     We  have  already  remarked,  tliat  in  that      | 
country  the  subject  is  particularly  interesting,  and  has  beoi      g 
much  commented  upon.     But  the   writers  of  England, 
France,  and  Germany,  have  not  paid  so  much  atl£ntiaa  to 
it,  and  Iiavc  more  generally  occupied  themselves  with  the     I 
motion  of  water  In  close  conduits,  which  seem  to  admit  of      ] 
a  more  precise  application  of  mathematical  reastHitng, 

Some  of  those  have  conudered  with  more  attention  the  ' 
effects  of  friction  and  viscidity.  Sir  Isaac  Newton,  wiili  '' 
his  usual  penetration,  had  been  distinctly  the  manner  in 
which  it  behoved  these  drcumstances  to  operate.  He  had 
occanon,  in  his  researches  into  the  mechanism  of  the  celes- 
tial motioiis,  to  examine  the  famous  hypothesis  of  Des- 
cartes, that  the  planets  were  carried  round  the  sun  by  fluid 
vortices,  and  saw  that  there  would  be  no  end  to  uncertainty 
and  dispute  till  the  viodua  operandi  of  these  vortices  was 
mechanically  conudered.  He  therefore  employed  himself 
in  the  investigation  of  the  manner  in  which  the  acknow- 
ledged powers  of  natural  bodies,  acting  according  to  the 
received  laws  of  mechanics,  could  produce  and  preserve 
these  vortices,  and  restore  that  motion  which  was  expended 
in  canying  the  [Janets  round  the  sun.  He  therefore,  in 
Uk  second  book  of  the  Principles  of  Natural  Philosophy, 
^ve«  a  series  ofbeautiful  proportions,  viz.  5I,5S,  &c.  with 
thcu  corollaries,  showing  bow  the  rotation  of  a  cylinder  ac 
,  q>here  round  its  axis  in  the  midst  of  a  fluid  will  excite  a 
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Tortical  motion  ia  this  fluid ;  and  he  ascertains  with  ma- 
thematical precision  the  motion  of  every  filament  of  this 
vortex. 

He  sets  out  from  the  supposition  that  this  motion  is  ex- 
cited in  the  surrounding  stratum  of  fluid  in  consequence 
of  a  want  of  perfect  lubricity,  and  assumes  as  an  hypothe- 
sis, that  the  initial  resistance  (or  diminution  of  the  motion 
of  the  cylinder)  which  arises  from  this  want  of  lubricity,  is 
proportional  to  the  velocity  with  which  the  surface  of  the 
cylinder  is  separated  from  the  contiguous  surface  of  the 
surrounding  fluid,  and  that  the  whole  resistance  is  pro- 
portional to  the  velocity  with  which  the  parts  of  the  fluid 
are  mutually  separated  from  each  other.  From  this,  and 
the  equality  of  action  and  re-action,  it  evidently  follows, 
that  the  velocity  of  any  stratum  of  the  vortex  is  the  arith- 
metical medium  between  the  velocities  of  the  strata  imme- 
diately within  and  without  it.  For  the  intermediate  stra- 
tum cannot  be  in  equilibrio,  unless  it  is  as  much  pressed 
forward  by  the  superior  motion  of  the  stratum  within  it 
as  it  is  kept  back  by  the  slower  motion  of  the  stratum 
without  it. 

This  beautiful  investigadon  applies  in  the  most  perfect 
manner  to  every  change  produced  in  the  motion  of  a  fluid 
filament,  in  consequence  of  the  viscidity  and  friction  of  the 
adjoining  filaments ;  and  a  filament  proceeding  along  a 
tube  at  some  small  distance  from  the  sides  has,  in  like 
manner,  a  velocity  which  is  the  medium  between  those  of 
the  filaments  immediately  surrounding  it.  It  is  therefore 
a  problem  of  no  very  difficult  solution  to  assign  the  law  by 
which  the  velocity  will  gradually  diminish  as  the  filament 
recedes  from  the  axis  of  a  cylindrical  tube.  It  is  someu 
what  surprising  that  so  neat  a  problem  has  never  occupied 
the  attention  of  the  mathematjciaw  during  the  time  that 
these  subjects  were  so  assiduously  studied ;  but  so  it  is,  that 
nothing  precise  has  been  puUished  on  the  subject.  The 
only  approach  to  a  discusskxi  of  this  kind  is  a  Memoir  of 
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Mr  I^tot,  read  to  the  academy  of  Paris  in  1736,  where  tej 
considers  the  velocity  of  efflux  through  a  pipe.  Here,  bfj 
attending  to  the  comparative  superiority  of  the  quantity  ef- 
motion  in  large  pipes,  he  affimia,  that  the  total  dimtni^ ' 
tiona  arising  from  friction  wiil  be  {cateria  paribus')  in  the 
inverse  ratio  of  the  diameters.  This  was  thankfully  re-  j 
ceived  by  other  writers,  and  is  now  a  part  of  our  hydraulic  I 
theories.  It  has  not,  however,  been  attended  to  by  thcM  | 
who  write  on  tlie  motion  of  rivers,  though  it  is  evident  ihrf  I 
it  is  applicable  to  these  with  equal  propriety ;  and  bad  it  I 
been  introduced,  it  would  at  once  have  solved  all  their  di&  ' 
ficullies,  and  particularly  would  have  shown  how  an  ainiaat  J 
imperceptible  declivity  would  produce  the  gentle  motion  d  1 
a  great  river,  without  having  recourse  to  the  unintelligible 
principle  of  Gugliclmiiii. 

Mr  Couplet  made  some  experiments  on  the  motion  of 
the  water  in  the  great  main  pijKs  of  Versailles,  in  order  to 
obtain  some  notions  of  the  retardations  occasioned  by  fruv 
tion.  They  were  found  prodi^ous ;  but  were  so  megi' 
lar,  and  unsusceptible  of  reduction  to  any  general  pria- 
dple,  (and  the  experiments  were  indeed  so  few  that  diey 
were  unfit  for  tbb  reduction),  that  he  could  establish  no 
theory.— What  Mr  Belidor  established  on  them,  and 
makes  a  sort  of  system  to  direct  future  engineers,  is  quite 
UDWfMthy  of  attention. 

Upon  the  whole,  this  branch  of  hydraulics,  although  oS 
much  greater  practical  importance  than  the  conduct  of  wa- 
ter in  pipes,  has  never  yet  obtained  more  than  a  vagu^ 
and,  we  may  call  it,  slovenly  attention  from  the  m^ema- 
tidans ;  and  we  ascribe  it  to  their  not  having  taken  the 
puns  to  setde  its  first  prindples  with  the  same  precision  as 
had  been  done  in  the  other  branch.  They  were,  from  the 
be^nning,  satisfied  with  a  sort  of  applicability  of  matbe- 
matical  princifdes,  without  ever  making  the  appUcatimi. 
Were  it  not  that  some  would  accuse  us  of  national  par- 
tialis, we  would  ascribe  it  to  this,  that  Newton  had  not 
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pointed  out  the  way  in  this  as  in  the  other  branch.  For 
any  intelligent  reader  of  the  performances  on  the  motions 
of  fluids  in  close  vessels,  will  see  that  there  has  not  a  prin- 
ciple, nay  hardly  a  step  of  investigation,  been  added  to 
those  which  were  used  or  pointed  out  by  Sir  Isaac  New- 
ton. He  has  no  where  touched  this  question,  the  motion 
of  water  in  an  open  canal.  In  his  theories  of  the  tides, 
and  of  the  propagation  of  waves,  he  had  an  excellent  op- 
portunity for  giving  at  once  the  fundamental  principles  of 
motion  in  a  free  fluid  whose  surface  was  not  horizontal. 
But,  by  means  of  some  of  those  happy  and  shrewd  gues- 
ses, in  which,  as  Daniel  Bernoulli  says,  he  excelled  all 
men,  he  saw  the  undoubted  consequences  of  some  palpable 
phenomenon  which  would  answer  all  his  present  pur- 
poses, and  therefore  entered  no  farther  into  the  investi- 
gaticHi. 

The  original  theory  of  Guglielmini,  or  the  principle 
adopted  by  him,  that  each  particle  of  the  vertical  section 
of  a  running  stream  has  a  tendency  to  move  as  if  it  were 
issuing  from  an  orifice  at  that  depth  under  the  surface,  is 
false ;  and  that  it  really  does  so  in  the  face  of  a  dam  when  ; 
the  flood-gate  is  taken  away,  is  -no  less  so ;  and  if  it  did, 
the  subsequent  motions  would  hardly  have  any  resem- 
blance to  those  which  he  assigns  them.  Were  this  the 
case,  the  exterior  form  of  the  cascade  would  be  something 
like  what  is  sketched  in  Flate""fXv-^ Fig.  3.  with  an  ab-  J^s. 
rupt  angle  at  B,  and  a  concave  surface  BEG.  This  will 
be  evident  to  every  one  who  combines  the  greater  velocity 
of  the  lower  filaments  with  the  slower  motion  of  those 
which  must  slide  down  above  them.  But  this  greater  ad-^ 
vance  of  the  lower  filaments  cannot  take  place  without  an 
expenditure  of  the  water  under  the  surface  AB.  Th 
surface  therefore  sinks,  and  B  instantly  ceases  to  retain  its 
place  in  the  horizontal  plane.  The  water  does  not  suc- 
cessively flow  forward  from  A  to  B,  and  then  tumble  over 
the  precipice;  but  immediately  upon  opening  the  flood- 


/..■:.\ 


fi 


1 


4M  noioar  OF  An«ML 


gflfte,  tbe  imter  irtstes  from  the  upaee  mmeSiaMy  Mhdi 
k,  Odd  the  whdle  putt  on  the  ferm  lepTMeated  ill  F^% 
ecmntftiiig  of  the  curve  AV[Pc£Gh,  oonvec  from  AM| 
and  coneave  fiott  thenoe  forward.  The  «iper6cial 
begins  to  aoederate  all  the  way  from  A ;  and  the 
laaj  be  suppoaed  (for  the  ptesent)  to  have  aeqiuidl  ihl 
velodty  cortespondii^  to  their  depth  under  the  horiiMkl 
florftce.  This  must  be  understood  as  nothing  move  tlw 
a  vague  dcetch  of  the  motions.  It  reqmres  a  Teiy  erilfall 
and  intricate  investigation  to  determine  either  the  fiitt  af 
the  upper  curve  or  the  motions  of  the  difierent  fSamcaliL 
The  place  A»  where  the  curvature  begins,  is  of  tqudfy 
diftcult  determination,  and  is  various  acoordiiig  to  Ai 
difierenoes  of  depth  and  of  inclination  of  the  mmcffrfim 
canal. 

We  have  given  this  sort  of  history  of  the  progress  wUdi 
had  been  made  in  this  part  of  hydraulics,  that  our  resdos 
might  form  some  opinion  of  the  many  dissertations  whieh ' 
have  been  written  on  the  motion  of  rivers,  and  of  the  sliMr 
of  the  arts  depending  on  it.  Much  of  the  business  of  difr 
civil  engineer  is  intimately  connected  with  it :  and  we  m^y 
therefore  believe,  that  since  there  was  so  little  principle  in 
the  theories,  there  could  be  but  very  little  certainty  in  tbe 
practical  operations.  The  fact  has  been,  that  no  engineer 
could  pretend  to  say,  with  any  precision,  what  would  be 
the  effect  of  his  operations.    One  whose  business  had  given 

.  him  many  opportunities,  and  who  kept  accurate  and  judi- 
cious registers  of  his  own  works,  could  pronounce,  with 
some  probability,  how  much  water  would  be  brought  off 
by  a  drain  of  certain  dimensions  and  a  given  slope,  when 
the  drcumstances  of  the  case  happened  to  tally  with  some 
farmer  work  in  which  he  bad  succeeded  or  failed  ;  but  out 
of  the  pale  of  his  own  experience  he  could  only  make  a 
sagacious  guess.  A  remarkable  instance  of  this  occurred 
not  long  ago.     A  small  aqueduct  was  lately  carried  into 

j  Paris.     It  had  been  conducted  on  a  plan  presented  to  the 
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academy,  who  had  corrected  it,  and  gave  a  report  of  what 
its  perfonnance  would  be.  Whea  executed  in  the  most 
accurate  manner,  it  was  defident  in  the  proportion  of  five 
to  nine.  When  the  celebrated  Desagulicrs  was  employed 
by  the  city  of  Edinburgh  to  superintend  the  bringing  in 
the  water  for  the  supply  of  the  city,  he  gave  a  report  on 
the  plan  which  was  to  be  followed.  It  was  executed  to  his 
complete  satisfaction ;  and  the  quantity  of  water  deUvered 
was  about  one^xth  of  the  quantity  which  he  promised, 
and  about  one^eleventh  of  the  quantity  wtiich  the  no  less 
celebrated  M^Laurin  calculated  from  the  same  plan. 

Such  being  the  state  of  our  theoretical  knowledge  (if  it 
can  be  called  by  this  name),  naturalists  began  to  be  per- 
suaded that  it  was  but  losing  dme  to  make  any  use  of  a 
theory  so  incongruous  with  observation,  and  that  the  only 
safe  method  of  proceeding  was  to  multiply  experiments  in 
every  variety  of  circumstances,  and  to  make  a  series  of  ex- 
periments in  every  important  case,  which  should  compre- 
hend all  the  practicable  modifications  of  that  case.  Per- 
haps drcumstances  of  resemblance  might  occur,  which 
would  enable  us  to  connect  many  of  them  together,  and  at 
last  discover  the  principles  which  occaaoned  this  connec- 
tion ;  by  which  means  a  theory  founded  on  science  might 
be  obtained.  And  if  this  point  should  not  be  gidned,  we 
might  perhaps  find  a  few  general  facts,  which  are  modified 
in  all  these  particular  case^  in  such  a  manner  that  we  can 
still  trace  the  general  facts,  and  see  the  part  of  the  particu- 
lar case  which  depends  on  it.  This  would  be  the  acquisi- 
tion of  what  may  be  called  an  empirical  theory,  by  which 
every  phenomenon  would  be  explained,  in  so  far  as  the  ex- 
planation of  a  phenomenon  is  nothing  more  than  the  point- 
ing out  the  general  fact  or  law  under  which  it  is  compre- 
hended ;  and  this  theory  would  answer  every  practical  pur- 
pose, because  we  should  confidently  foresee  what  conse- 
quences would  result  from  such  and  such  prenuses ;  or,  if 
we  should  fail  even  in  this,  we  should  stiU  have  a  series  of 

VOL.  II.  2  D 
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experiments  so  oomprehensiTe,  that  we  oould  tell  whifc 
place  in  the  series  would  correspond  to  any  particular  am 
which  might  be  proposed. 

There  are  two  gentlemen,  whose^laboutB  in  this  zofeA 
deserve  very  parUcular  notice,  professor  Michdotti  al 
Turin,  and  Abbe  Bossut  at  Paris.  The  first  made  a  pn- 
dig^us  number  of  experiments  both  on  the  motion  of  watsr 
through  pipes  and  in  open  canals.  They  were  perfioymsd 
at  the  expense  of  the  sovereign,  and  no  expense  was  wpm^ 
ed«  A  tower  was  built  of  the  finest  masonry,  to  serve  « 
a  vessel  from  which  the  water  was  to  issue  through  hoki 
of  various  sizes,  under  pressures  from  5  to  22  fieet.  The 
water  was  received  into  basins  constructed  of  maaoniy  and 
nicely  lined  with  stucco,  from  whence  it  was  conveyed  ia 
canals  of  brick-work  lined  with  stucco,  and  of  various  fonai 
and  declivities.  The  experiments  on  the  expense  of  watff 
through  pipes  are  of  all  that  have  yet  been  made  the  most 
numerous  and  exact,  and  may  be  appealed  to  on  evoy 
occasion.  Those  made  in  open  canals  are  still  more  nume- 
rous, and  arc  no  doubt  equally  accurate ;  but  they  have 
not  been  so  contrived  as  to  be  so  generally  useful,  being  in 
general  very  unlike  the  important  cases  which  will  occur  in 
practice,  and  they  seem  to  have  been  contrived  chiefly  with 
the  view  of  establishing  or  overturning  certain  points  of 
hydraulic  doctrine  which  were  probably  prevalent  at  the 
time  among  the  practical  hydraalists. 

The  experiments  of  Bossut  ore  also  of  both  kinds ;  and 
though  on  a  much  smaller  scale  than  those  of  Michelotti, 
seem  to  deserve  equal  confidence.  As  far  as  they  follow 
the  same  track,  they  perfectly  coincide  in  their  results, 
which  should  procure  confidence  in  the  other ;  and  they 
are  made  in  situations  much  more  analogous  to  tlie  usual 
practical  cases.  This  makes  them  doubly  valuable.  They 
are  to  be  found  in  his  two  volumes  entitled  Hydrody^ 
namigue.    He  has  opened  this  path  of  procedure  in  a  man- 
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w^  90  new  and  so  judicious^  that  he  has  in  flome  metture 
the  merit  of  such  as  shall  follow  him  in  the  same  path. 

This  has  been  most  candidly  and  liberdly  aUowed  Min 
bf  the  chevalier  de  Buat,  who  has  taken  up  this  matter 
#hefe  the  Abb^  Bossut  left  it»  and  has  prosecuted  his  ex- 
periments with  great  assiduity ;  and  we  must  now  add 
with  singular  success.  By  a  Tery  judicious  oonsidihratiMi 
of  the  subject,  he  hit  on  a  particular  TieW  of  it,  which  sav- 
ed him  the  trouble  of  a  minute  oonsideratioii  of  the  small 
internal  motions,  and  enabled  him  to  proceed  from  a  vetf 
general  and  evident  proposition,  which  may  be  received  A 
the  key  to  a  complete  system  of  practical  hydraulics.  We 
shall  follow  this  ingenious  author  in  what  we  have  farther 
to  say  on  the  subject;  and  we  doubt  not  bat  that  our 
rteders  will  think  we  do  a  service  to  the  puUic  by  making 
thesie  discussions  of  the  chevalier  de  Buat  more  generally 
known  in  this  country.  It  must  not  however  be  expected 
that  we  shall  give  mofe  than  a  synoptital  view  of  them, 
connected  by  sudi  famifiai^  i^tasonli^  aii  shall  be  either 
oolD{H:diended  or  eotlfided  in  by  persoiis  not  deeply  versed 
in  mathematical  science.  * 


Sect.  I. — Theory  cf  Rivera. 

It  is  certain  that  the  motion  of  opta  streams  must,  in 
soine  respects,  resenible  that  of  bodies  sliding  down  in- 
dined  planes  perfectly  pohshed ;  and  that  they  would  a«;- 
celdtMe  contintially,  were  they  not  obstructed :  but  they 
are  obstructed,  and  frequently  move  uniformly.  IIub  can 
only  arise  from  an  eqtnlibrium  between  the  forties  wfaidk 
pfomote  their  descent  and  tliose  whidh  oppose  it.  M. 
Buat,  therefore,  assumes  the  leading  proposition^  thtat  ' 

When  water  JlMfe  un^brmfy  on  any  channel  or  bed,  ihe 
aoeekrating Jbrce nhieh dbUgea it  to  mctoe  in  equal io0ie 
mmtfall  the  resieiancee  which  U  rneets  wi^  wheOier 
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arising  from  its  own  viscidifyf  orjrom  H^JricAan  qfiis 

bed. 

This  law  is  as  old  as  the  formation  of  rivers,  and  should 
be  the  key  of  hydraulic  science.  Its  evidence  is  dear ;  and 
it  is,  at  any  rate,  the  basis  of  all  uniform  motion.  And 
since  it  is  so,  there  must  be  some  considerable  analogy  be- 
tween  the  motion  in  pipes  and  in  open  channels.  Both  owe 
their  origin  to  an  inequality  of  pressure ;  both  would  ac- 
celerate continually,  if  nothing  hindered ;  and  both  are  re- 
duced to  uniformity  by  the  viscidity  of  the  fluid  and  the 
friction  of  the  channeL 

It  will  therefore  be  convenient  to  examine  the  phencv 
mena  of  water  moving  in  pipes  by  the  action  of  its  wdght 
only  along  the  sloping  channeL  But  previous  to  this,  we 
must  take  some  notice  of  the  obstruction  to  the  entiy  of 
water  into  a  channel  of  any  Idnd,  arising  from  th^d^ec- 
tion  of  the  many  different  filaments  which  press  into  the 
channel  from  the  reservoir  from  every  side.  Th^i  W  shall 
be  able  to  separate  this  diminution  of  motion  from  the  sum 
total  that  is  observed,  and  ascertain  what  part  remains  as 
produced  by  the  subsequent  obstructions. 

We  then  shall  consider  the  principle  of  uniform  motion, 
the  equilibrium  between  the  power  and  the  resistance. 
The  power  is  the  relative  height  of  the  column  of  fluid 
which  tends  to  move  along  the  inclined  plane  of  its  bed ; 
the  resistance  is  the  friction  of  the  bed,  the  viscidity  of  the 
fluid,  and  its  adhesion  to  the  sides.  Here  are  necessarily 
combined  a  number  of  circumstances  which  must  be  gra- 
dually detached  that  we  may  see  the  effect  of  each,  viz.  the 
extent  of  the  bed,  its  perimeter,  and  its  slope.  By  exa- 
mining the  effects  produced  by  variations  of  each  of  these 
separately,  we  discover  what  share  each  has  in  the  general 
effect ;  and  having  thus  analysed  the  complicated  pheno- 
menon,  we  shall  be  able  to  combine  those  its  elements,  and 
frame  a  formula  which  shall  comprehend  every  circum- 
stance, from  the  greatest  velocity  to  the  extinction  of  all 

() 
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motion,  and  from  the  extent  of  a  river  to  the  narrow  di« 
mensions  of  a  quill.  We  shall  compare  this  formula  with 
a  series  of  experiments  in  all  this  variety  of  drcumstances, 
partly  made  by  M.  Buat,  and  partly  collected  from  other 
authors ;  and  we  shall  leave  the  reader  to  judge  of  the 
agreement. 

Confident  that  this  agreement  will  be  found  most  satis- 
factory, we  shall  then  proceed  to  consider  very  cursorily 
the  chief  varieties  which  nature  or  art  may  introduce  into 
these  beds,  the  different  velocities  of  the  same  stream,  the 
intensity  of  the  resistance  produced  by  the  inertia  of  the 
materials  of  the  channel,  and  the  force  of  the  current  by 
which  it  continually  acts  on  tins  channel,  tending  to  change 
either  its  dimensions  or  its  form.  We  shall  endeavour  to 
trace  the  origin  of  these  great  rivers  which  spread  like  the 
branches  of  a  vigorous  tree,  and  occupy  the  surface  even 
of  a  vast  continent  We  shall  follow  them  in  their  course, 
unfold  all  their  windings,  study  their  train,  and  regimen, 
and  point  out  the  law  of  its  stability ;  and  we  shall  investi- 
gate the  causes  of  their  deviations  and  wanderings. 

The  study  of  these  natural  laws  pleases  the  mind :  but 
it  answers  a  still  greater  purpose ;  it  enables  us  to  assist 
nature,  and  to  hasten  her  operations,  which  our  wants  and 
our  impatience  often  find  too  slow.  It  enables  us  to  com- 
mand the  elements,  and  to  force  them  to  administer  to  our 
wants  and  our  pleasures. 

We  shall  therefore,  in  the  next  place,  apply  the  know- 
ledge which  we  may  acquire  to  the  solution  of  the  most 
important  hydraulic  questions  which  occur  in  the  practice 
of  the  civil  engineer. 

We  shall  conrider  the  eStctA  produced  by  a  permanent 
addition  to  any  river  or  stream  by  the  union  of  another, 
and  the  opposite  effect  produced  by  any  draught  or  offset, 
showing  the  elevation  or  depressbn  produced  up  the  stream, 
and  the  change  made  in  the  depth  and  velocity  below  the 
addition  or  offset. 
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We  shall  pay  a  similar  attention  to  the  temporary  awdls 
produced  by  freshes. 

We  shall  ascertain  the  effects  of  straightening  the  oourae 
of  a  stream,  which,  by  increasing  its  slope,  must  inoeas^ 
ita  velocity,  and  therefore  sink  the  waters  above  the  plfioe 
where  the  curvature  was  removed,  and  diminish  the  ten- 
dency to  overflow,  while  the  same  immediate  conseqnenee 
must  expose  the  places  farther  down  to  the  risk  of  floods 
from  which  they  would  otherwise  have  be^  free. 

The  effects  of  dapis  or  weirs,  and  of  bars,  must  then  be 
considered ;  the  gorge  or  swell  which  they  produce  up  th^ 
stream  must  be  determined  for  every  distance  fipam  the 
weir  or  bar.  This  will  furnish  us  with  rules  for  r^idenng 
navigable  or  floatable  such  waters  as  have  too  little  depth 
or  too  great  slope.  And  it  will  iqipear  that  immense  ad- 
vantages may  be  thus  derived,  with  a  moderate  expensp^ 
even  from  trifling  brooks,  if  we  will  relinquish  all  preju- 
dices, and  not  imagine  that  such  conveyance  is  imposoble, 
because  it  cannot  be  carried  on  by  such  boats  and  small 
craft  as  we  have  been  accustomed  to  look  at. 

The  effects  of  canals  of  derivation,  the  rules  or  maxims 
of  dnuning,  and  the  general  maxims  of  embankment,  come 
in  the  next  place ;  and  our  discussions  will  conclude  with 
remarks  on  the  most  proper  forms  for  the  entry  to  canals, 
locks,  docks,  harbours,  and  mouths  of  rivers,  the  best 
shape  for  the  starlings  of  bridges  and  of  boats  for  inland 
navigations,  and  such  like  subordinate  but  interesting  par- 
ticulars, which  will  be  suggested  by  the  general  thread  of 
discussion. 

It  is  conudered  as  physically  demonstrated,  that  water 
issuing  from  a  small  orifice  in  the  bottom  or  side  of  a  very 
large  vessel,  almost  instantly  acquires  and  maintains  the 
veUxdty  which  a  heavy  body  would  acquire  by  falling  to 
the  orifice  from  the  horizontal  surface  of  the  stagnant  water. 
This  we  shall  call  its  Natural  Velocity.  Therefore  if  we 
multiply  the  area  of  the  orifice  by  this  velocity^  the  product 
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viU  be  the  bulk  or  quantity  of  the  water  which  is  diteharg- 
ed.  This  ife  may  call  the  Natural  ExFXim  of  water, 
or  the  Natural  Discharge. 

Let  O  represent  the  area  or  section  of  the  orifice  express- 
ed in  Bome  known  measure,  and  k  its  depth  under  the  sur- 
face. Let  g  express  the  Telocity  acquired  by  a  heavy  body 
during  a  second  by  falling.  Let  V  be  the  medium  veb. 
city  of  the  water^s  motion,  Q  the  quantity  of  water  d&s- 
charged  during  a  second,  and  N  the  natural  expense. 

We  know  that  V  is  equal  to  "^^Ifg  X  j/h.  Therefore 
N  =  0.  -*^«^.  j/h. 

If  these  dimennons  be  all  taken  in  English  feet,  we  hare 

have  v'g^  very  nearly  equal  to  8;  and  therefore  V  = 
Sv'A,  andN=:0.  Sy'*. 

But  in  our  present  business  it  is  much  more  convenient 
to  measure  every  thing  by  inches.  Therefore  since  a  body 
acquires  the  v^lodty  of  S3  feet  2  inches  in  a  second,  we 

have  2g  =  64  feet  4  inches,  or  77S  inches,  andl  ^^g^ 
27,78  inches,  nearly  27}  inches. 

Therefore  V  =  v' TWy' A,  =27,78  v^  A,  and  N  =  O. 
Vffi  ^  4,  =2  0.27,78^A. 

But  it  b  also  well  known,  that  if  we  were  to  calculate 
the  expense  or  discharge  for  every  orifice  by  this  ample 
rule,  we  should  in  every  instance  find  it  much  greater  than 
nature  really  gives  us. 

When  water  issues  through  R  hole  in  a  thin  jiBke,  the 
lateral  columns^  pressing  into  the  hcie  from  all  ndes,  cause 
the  issuing  filaments  to  converge  to  the  axis  of  the  jet,  and 
contract  its  dimensions  at  a  little  distance  finom  the  hole. 
And  it  is  in  this  place  of  greatest  coDtracttoQ  that  the 
water  acquires  that  velocity  which  we  observe  in  our  expe- 
riments, and  which  we  assume  as  equal  to  that  acquired  by 
falling  from  tba  surface.  Therefiire,  that  our  computed 
discharge  may  best  agree  with  observation,  it  must  be  cal- 
culated on  the  suppofiitiim  that  the  orifice  is  diminished  to 
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the  we  of  thk  OMlkit  Mtioii.    Bat  die 
flu^ect  to  ¥MMlioo8,  and  the  dkneDmis  of  tUi 
aeetkm  are  et  all  times  diffienll  toaieertttn'witfa|MadliB«^ 
It  li  therefim  moGfa.  mare  oonveoknt  to  compute  iEoea  Ihl  * 
leai  <iwMfi  Ami  of  the  oriBce^  and  tooaneet  Aia 
diicfaaige,  Jby  meana  of  an  actual  compariaon  of  the 

made  in  aituatkma  icaenlilimp  thoaecaaea  irindiinoet-flb^^ 
quentlj  oocor  in  pmotiaau  ,  .Tina  coneoticMi  or  ita  iauBt%  h ' ' 
the  mfclumiwn  of  thoae  intemal  motiona,  b  genacaHly  cJlifcv 
CovTaAcnoif  by  the  wiilcta  on  hjdiaaliea^  and  it  ia  nai^ 
confined  to  a  hok  in  a  thin  |date:  it  happena  in  aonm-di»^ 
gree  in  all  eaaaa  vime  inida  aire  made  to  pern  dueoafi^ 
nanov  plaoea.    It  happmn  in*the  entry  into  all  pips^'-' 
canah^  and  ahuoea;  naj  eten  in  the  paange  of  watar  otn^^ 
die  edg0  of  a  boaid,  audi  aa  ia  uBUflUj  aet  up  on  the  head ' 
of  a  dam  or  weHr»  and  Of  en  idim  thia  18  immeraed  in  uulv  •  • 
on  bodi  ddea»  aa  in  a  bar  or  keep,  fiequendy  employedlir    * 
faing  die  =waten  of  the  letel  atreamainFhuidentUekita' 
der  to  render  them  mmgaMok    We  mentioned  an  bbaerm^  * 
tion*  of  M.  Buat  to  this  effect,  ^en  he  saw  a  gooseberry 
rise  up  from  the  bottom  of  the  canal  along  the  face  of  the 
bar,  and  then  rapidly  fly  over  ita  top.    We  have  attempt- 
ed to  represent  this  motion  of  the  filaments  in  theae  diffiar- 
ent  atuations. 

Fig.  6.  A  shows  die  motion  through  a  thin  plate. 

B  shows  the  motion  when  a  tube  df  about  two'diameters 
long  is  added,  and  when  the  water  flows  with  a  foil  mouth. 
This  does  not  always  happen  in  so  short  a  ppe  (and  never 
in  one  that  ia  shorter),  but  the  water  frequently  detaches 
itself  from  the  sides  of  the  pipe,  and  flows  with  a  contract- 
ed jet. 

C  shows  the  motion  when  the  pipe  projects  into  the  in- 
,  side  of  the  vessel    In  this  case  it  is  difficult  to  make  it 
.fcpFfjilL  

*  See  Reristancc  of  Fluidi . 
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.  D  lepreflentB  a  mouth-pieoe  fitted  to  the  hok^  and  fisrm- 
ed  agreeably  to  that  shape  which  a  jet  would  aaiume  of  it- 
self. In  this  case  all  contraction  is  avoided,  because  the 
mouth  of  this  pipe  may  be  considered  as  the  real  orifice, 
and  nothing  now  diminishes  the  discharge  but  a  trifling 
firicUon  of  the  odes. 

E  shows  the  motion  of  water  oyer  a  dam  or  weir,  where 
the  ftll  is  free  or  unobstructed ;  the  surfiice  of  the  lower 
stream  being  lower  than  the  edge  or  sole  of  the  waste* 
board. 

F  is  a  similar  rqpresentation  of  the  motion  of  water  over 
what  we  would  call  a  bar  or  keep. 

It  was  one  great  aim  of  the  experiments  of  Michelotti 
and  Bossut  to  determine  the  efiects  of  cmtraction  in  these 
cases.  Midiellott],  after  carefully  observing  the  form  and 
dimensions  c^  the  natural  jet,  made  various  mouth-pieces 
resembling  it,  till  he  obtained  one  which  produced  the 
smallest  diminution  of  the  computed  discharge,  or  tiU 
the  disohazge  computed  for  the  area  of  its  smaller  end  ap^ 
proached  the  nearest  to  the  effective  discharge.  And  he 
at  last  obtained  one  wludi  gave  a  dischaige  of  one  9B8, 
when  the  natural  discharge  would  have  been  1000.  This 
piece  was  formed  by  the  revolution  of  a  trochoid  round 
the  aads  of  the  jety  and  the  dimensions  were  as  follow: 

Diameter  of  the  outer  (wifice    xas  36 

— — — —  innerorifioe     =  46 

Length  of  the  axis  =96 

The  results  of  the  experiments  of  the  Abb^  Bossut  and 
of  Michelotti  scarcely  differ,  and  they  are  expressed  in  the 
following  table: 

N  or  the  natural  expense  10,000  ==  O-ST^TS  ^  h 

Q  for  the  thin  plate.  Kg.  6.  .  gggg       0  ,8 13  ^  ^ 

A.  almost  at  the  surnuie     j 
Q  for  ditto  at  the  depth  of  8  feet      6195       0.17,21  ^  h 
Q  for  ditto  at  the  depth  of  16feet       6173       0.17,15  V"  h 
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•ndftMiggfbll  J    .      ";      t'^' 

jet,  Fig.  5.  C  J  .   .  .i  -.    ^'I'tfiiB^t 

Q|iirtbeaiputli4Mie,Jig.&D.     9881      .lUnUAl^'t 
Qftraweir,F%.&S.    :  9S98      ^•T^gjft 

Qftral»r,Fi9.<.F.      >  .  07Sfr.    OaOMM* 

The  nonoben  in  the  list  oQlumn  c^  this  little 
Ae  eidHoel  indiei  of  iiil«r  diecfaigej  jam 
the  he^^  A  it  one  indL  .   .   s  ^ ^w 

^  Itaniit  be  obMVful  thai  the  diaoh«igea,aM^Mtf 
jbv  the  WW  and  her  xelate  ontf  tothe 
ooned  by  the  paange  ofev  the  edge  of  the  boovd.  .QAi 
iveir -may  alio  Mifiv  a  dindniition  by  the  i  iinl— iljiit  li 
ki  two  endii  if  it  idiaiikl  be  nanower  than  tha 
M  goMfatty  the  case,  beqaaee  the  two  ends  am 
of  equare  masonry  or  wood-wotk.  •  The  contmetini  Am 
is  nearly  the  same  with  that  at  the  edge  of  a  thin  plala. 
But  this  could  not  be  introduced  into  this  table,  beoaustits 
effect  on  the  expense  is  the  same  in  quantity  whatever  is 
the  length  of  the  waste-board  of  the  weir. 

In  like  manner,  the  diminution  of  dischaige  through  a 
sluice  could  not  be  expressed  here.  When  a  sluice  is 
drawn  up,  but  its  lower  edge  still  remains  underwater,  the 
discharge  is  contracted  both  above  and  at  the  aides,  and  the 
diminution  of  discharge  by  each  is  in  proportion  to  its  ex- 
tent It  is  not  easy  to  reduce  either  of  these  oontractioDs 
to  computation,  but  they  may  be  very  easily  observed. 
We  frequently  can  observe  the  water,  at  coming  out  of  a 
duiee  into  a  mill-course,  quit  the  edge  erf*  the  aperture,  and 
show  a  part  of  the  bottom  quite  dry.  This  is  always  the 
when  the  velocity  of  efflux  is  ccmsiderable.     When  it 

vtery  moderate,  this  pkoe  is  occupied  by  an  eddy 
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ter  almoet  stagnant.  When  the  bead  of  water  ia  8  or 
10  inches^  and  runs  off  freely,  the  space  left  between  it  and 
tbe  aides  ia  about  1^  inches.  If  the  sides  of  the  entry  have 
a  dope,  this  void  space  can  never  appear ;  but  there  ia  al- 
wajB  this  tendency  to  convergence,  which  diminishes  the 
quantity  of  the  discharge. 

ItwOl  frequently  abridge  computation  veiy  raueh  to 
consider  the  water  dischaiged  in  these  different  situatioiia 
aa  moving  with  a  common  velocity,  wfaidi  we  ctmcdvc  as 
produced  not  by  a  fail  from  the  surface  of  the  fluid  (irfiidi 
is  exact  only  when  the  expense  is  equal  to  the  natural  col. 
pense,)  but  by  a  fall  A  accommodated  to  the  discharge :  or 
it  is  convenient  to  know  the  hoght  which  would  product 
that  very  velocity  which  the  water  issues  with  in  these 
situations. 

And  also  when  the  water  is  observed  to  be  actually 
moving  with  a  velocity  V,  and  we  know  whether  it  is  com- 
ing through  a  thin  plate,  through  a  tube,  over  a  dam,  &c 
it  is  necessary  to  know  the  pressure  or  hbad  ot  watx^  h 
wbidi  has  actually  produeed  this  velodty.  It  is  conve- 
nient  thearefive  to  have  the  fcdlowing  numbers  in  readiness : 

h  for  the  natural  expense  =  -=;r^ 

\* 

h  for  a  thin  plate      -       =  ^gg- 

A  for  a  tube  S  diam.  long  =  ^^r?- 

V* 

h  for  a  dam  or  weir    -      =  jr^ 

h  for  a  bar  -  = 


746 

It  was  necessary  to  (nremise  thes9  FAcra  in  hydraoUca, 
that  we  may  be  able  in  evejcy  qaae  to  distinguish  betwatn 
tbe  force  expendedia  the  e»jtiy  of  the  water  into  the  ooik. 
duit  or  canal^  and  ibA  force  employed  in  overanmg  tha 
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resistance  along  the  canal,  and  in  preserving  or  aooeleratiiig 
its  motion  in  it. 

The  motion  of  running  water  is  produced  by  two 
causes ;  1.  The  action  of  gravity ;  and,  3.  The  molnlity  of 
the  particles,  which  makes  them  assume  a  level  in  cxmfined 
vessels,  or  determines  them  to  move  to  that  side  where 
there  is  a  defect  of  pressure.  When  the  surface  is  letrd, 
every  particle  is  at  rest,  being  equally  pressed  in  all  direc- 
tions ;  but  if  the  surface  is  not  level,  not  only  does  a  par- 
ticle on  the  very  surface  tend  by  its  own  weight  towanb 
the  lower  side,  as  a  body  would  slide  along  an  inclined 
plane,  but  there  is  a  force,  external  to  itself,  ariang  fiom 
a  superiority  of  pressure  on  the  upper  end  of  the  surftoe^ 
which  pushes  this  superfidal  particle  towards  the  lower 
end ;  and  this  is  not  peculiar  to  the  superficial  partidesi 
but  affects  every  particle  within  the  mass  of  water.  In 
the  vessel  ACDE  (Fig.  6.),  containing  water  with  an  in- 
clined  surface  AE,  if  we  suppose  all  frozen  but  the  ex- 
treme columns  AEHB,  F6LE,  and  a  connecting  portion 
HKCDLG,  it  is  evident,  from  hydrostatical  laws,  that 
the  water  on  this  connecting  part  will  be  pusiied  in  the  di- 
rection CD ;  and  if  the  frozen  mass  BHGF  were  move- 
able, it  would  also  be  pushed  along.  Giving  it  fluidity 
will  make  no  change  in  this  respect ;  and  it  is  indiiferent 
what  is  the  situation  and  shape  of  the  connecting  column 
or  columns.  The  propelling  force  (MNF  being  horizon- 
tal) is  the  weight  of  column  AMNB.  The  same  thing 
will  obtain  wherever  we  select  the  vertical  columns.  There 
will  always  be  a  force  tending  to  push  every  particle  of 
water  in  the  direction  of  the  declivity.  The  consequence 
will  be,  that  the  water  will  sink  at  one  end  and  rise  at  the 
other,  and  its  surface  will  rest  in  the  horizontal  position 
aOe,  cutting  the  former  in  its  middle  O.  This  cannot  be 
unless  there  be  not  only  a  motion  of  perpendicular  descent 
and  ascent  of  the  vertical  columns,  but  also  a  real  motion 
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of  translaUoQ  from  E  towards  L.  It  perhaps  exceeds  our 
mathematical  skill  to  tell  what  fnll  be  the  motion  of  each 
particle.  Newton  did  not  attempt  it  in  his  investigation  of 
the  motion  of  waves,  nor  is  it  at  all  necessary  here.  We 
may,  however,  acquire  a  very  distinct  notion  of  its  general 
effect.  Let  OPQ  be  a  vertical  plane  passing  through  the 
middle  point  O.  It  is  evident  that  every  particle  in  PQ, 
such  as  P,  is  pressed  in  the  direction  QD,  with  a  force 
equal  to  the  weight  of  a  single  row  of  particles,  whose 
length  is  the  difference  between  the  columns  BH  and  F6. 
The  force  acting  on  the  particle  Q  is,  in  like  manner,  the 
weight  of  a  row  of  particles  =AC — ^ED.  Now  if  OQ, 
OA,  OE,  be  divided  in  the  same  ratio,  so  that  all  the  fi- 
gures ACDE,  BHGF,  &c.  may  be  similar,  we  see  that 
the  force  arising  solely  from  the  declivity,  and  acting  on 
each  particle  on  the  plane  OQ,  is  proportional  to  its  depth 
under  the  surface,  and  that  the  row  of  particles  ACQDE, 
BHPGF,  &c.  which  is  to  be  moved  by  it,  is  in  the  same 
proportion.  Hence  it  unquestionably  follows,  that  the  ac- 
celerating force  on  each  particle  of  the  row  is  the  same  in 
all.  Therefore  the  whole  plane  OQ  tends  to  advance  fbr« 
ward  together  with  the  same  velocity ;  and  in  the  instant 
immediately  succeeding,  all  these  particles  would  be  found 
again  in  a  vertical  plane  indefinitely  near  to  OQ ;  and  if ' 
we  sum  up  the  forces,  we  shall  find  them  the  same  as  if 
OQ  were  the  opening  of  a  sluice,  having  the  water  on  the 
fflde  of  D  standing  level  inth  O,  and  the  water  on  the 
other  dde  standing  at  the  height  AC.  This  result  is  ex- 
tremely different  from  that  of  the  hasty  theory  of  Gugliel- 
mim.  He  conaders  each  particle  in  OQ  as  urged  by  an 
accelerating  force  proportional  to  its  depth,  it  is  true ;  but 
he  makes  it  equal  to  the  weight  of  the  row  OP,  and  never 
recollects  that  the  greatest  part  of  it  is  balanced  by  an  op- 
poate  pressure,  nor  perceives  that  the  force  which  is  not 
balanced  must  be  distributed  among  a  row  of  particles . 
which  varies  in  the  same  proportion  with  itself.    When 
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tfatte  two  circumstances  are  neglected,  the  residt  mmt  be 
incompatible  with  observation.     When  the  balanced  £anm 
are  taken  into  the  account  of  {x-essure,  it  b  evident  thai 
the  surface  may  be  supposed  horizontal,  and  that  motioa 
should  obtain  in  this  case  as  well  as  in  the  case  of  a  ikypng 
surface:  and  indeed  this  is  Guglielmini^  professed  theonyy 
and  what  he  highly  values  himself  on.     He  announces  tUs 
discovery  of  a  new  prindple,  which  he  calls  the  eneigy  cf 
deep  waters,  as  an  important  addition  to  hydraulicsL    It 
is  owing  to  this,  says  he,  that  the  great  rivers  are  not  stag^ 
nant  at  their  mouths,  where  they  have  no  percepuhle  ds« 
diifity  of  surface,  but,  on  the  contrary,  have  greater  en»- 
gy  and  velocity  than  farther  up,  where  they  are  shallower. 
This  prindple  is  the  ba^s  of  his  improved  theory  of  riven^ 
and  is  insisted  on  at  great  length  by  all  the  subsequent 
writers.     Buffon,  in  his  theory  of  the  earth,  makea  mudi 
use  of  it     We  cannot  but  wonder  that  it  has  been  allowed 
a  place  in  the  theory  of  rivers  given  in  the  great  Enqfdo- 
pUie  of  Paris,  and  in  an  article  having  the  signature  (0) 
of  D'Alembert.     We  have  been  very  anxious  to  show  the 
falsity  of  this  principle,  l)ecausc  we  consider  it  as  a  mere 
subterfuge  of  Guglielmini,  by  which  he  was  able  to  patch 
up  the  mathematical  theory  which  he  had  so  hastily  taken 
from  Newton  or  Galileo ;  and  we  think  that  we  have  secur- 
ed  our  readers  from  being  misled  by  it,  when  we  show  that 
this  energy  must  he  equally  operative  when  the  surface  is 
on  a  dead  level.     The  absurdity  of  this  is  evident.     We 
shall  see  by  and  by,  that  deep  waters,  when  in  actual  mo- 
tion, have  an  energy  not  to  be  found  in  shallow  running 
waters,  by  which  they  are  enabled  to  continue  that  mo- 
tion :    but  this  is  not  a  moving  principle ;  and  it  will  be 
fully  explained,  as  an  immediate  result  of  principles,  not 
vaguely  conceived  and  indistinctly  expressed,  like  this  of 
Gugliclmini,  but  easily  understood,  and  appreciable  with 
the  greatest  precision.     It  is  an  energy  common  to  all  great 
bodies.     Although  they  lose  as  much  momentum  in  sur- 
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mouBtiiig  any  obstacle  as  small  ones,  they  lose  but  a  small 
poctioQ  oi  their  Telocity.  At  present,  employed  only  in 
considering  the  progressive  motion  of  an  open  streani, 
whose  surface  is  not  level,  it  is  quite  enough  ^t  we  SM 
that  such  a  motion  must  obtain,  and  that  we  see  that  thera 
are  propdling  forces ;  and  that  those  forces  arise  aofe/y  firam 
the  want  of  a  level  surface,  or  from  tlie  slope  of  the  sur- 
face ;  and  that,  with  respect  to  any  one  particle,  the  fbroe 
acting  <»  it  is  pcopoi^onal  to  the  di£Perence  of  a  lev^  Inm 
tween  each  of  the  two  ccdumns  (one  on  each  side  of  the 
particle)  which  produce  it  Were  the  surftoe  IcFvel,  there 
would  be  no  motion;  if  it  is  not  level,  there  will  be  motion; 
and  this  motion  will  proportional  to  the  want  of  levdi  or 
the  decUvity  of  the  surface :  it  is  of  no  consequence  whe- 
ther the  bottom  be  level  or  not,  or  what  is  its  shape. 

Hence  we  draw  a  fundamental  principle,  that  the  wioHam 
^rintrs  depends  enHrefy  on  the  elope  of  the  eurfaee. 

The  SLOPS  or  declivity  of  any  indined  plane  is  not  pro« 
perly  expressed  by  the  difference  of  height  alone  of  its  ez^ 
tremities ;  we  must  also  consider  its  length :  and  the  mea- 
sure of  the  slope  diust  be  such  that  it  may  be  the  samci 
while  the  dechvity  is  the  same.  It  must  therefore  be  die 
same  over  the  whole  of  any  one  inclined  plane.  We  shall 
answer  these  comUtions  exactly,  if  we  take  for  the  measmw 
of  a  slope  the  fraction  which  expresses  the  elevation  of  one 
extremity  above  the  other  divided  by  the  length  of  thtf 

AM 

plane.     Thus  -^^  will  express  the  declivity  of  the  plane 

AF. 

If  the  water  met  with  no  resistance  from  the  bed  in 
which  it  runs,  if  it  had  mo  adhesion  to  its  aides  and  boU 
torn,  and  if  its  fluidity  were  perfect,  its  gravity  wouM  ac- 
celerate its  coarse  oontinually^  and  the  earth  esA  its  inhaw 
bitants  would  be  deprived  of  all  the  advantages  which' 
thiey  derive  from  its  numbodess  streams.  They  would 
run  off  so  quickly,  that  our  fields,  dried  up  as  seon  as 
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Inyiy  imild  he  bnim  «id^  Noidil 

the  inqpeCuotttgr  ef  the  toRents;  and  theb 
face  iiouM  imchr  them  a dtttwyi^  waniftflM 

thet,  b7  kind  Piofidme^  the  mbtenoe  of  the  heiimi 
the  nMidity  of  the  tuid,  heoeme  e  check  iriikk^iiiiW 
them  in  end  mU  boundt  to  their  iqMdi^.  I^^^mmmtk 
the  fnetkm  on  the  «de%  which,  I7  die  ynacUHj^eM  ^ 
ter,  is.  tfHnifiimiiTt'^  to  the  whole  meMy  endi  ^bi&ymfkt 
hewm  of  the  pertidet  to  eedi  other,  end  to  tile  iidee  e0ii 
chanod,  eie  the  cauiee  whidi  meke  the  ledilueeB-lri^re 
idetioa  to  the  Tdocity ;  co  that  the  ggMifmewi 
with  the  velooitiea,  come  at  hut  to  bahoice  die 
^^roe.  .  Then  the  Tdbdiy  now  acquired  ia  yatmn  wnij  iri 
the  motiffli  bfiKwnw  unifoniif  without  being  able  to 
newinpreeie^  unlem.eome  change  sucoeadB 
■lone  or  in  the^snacitv  of  tf"*  fhinf*glt  Ifffiipift 
•eoond  maxim  in  the  motion  of  riven,  that  mkcn  m 
mmM  mii^brmlif^  Um  r§mkmcf  i$  etpmljto  ike 

Ab  in  the  efflux  of  water  through  orifices,  we  pass^iiilr 
the  very  be^nings  of  the  accelerated  motion,  which  is  a 
matter  of  speculative  curionty,  and  coDsider  the  motion  in 
a  state  of  permanency,  depen^ng  on  the  head  of  water,  die 
area  of  the  orifice,  the  velocity,  and  the  expense ;  aoj  in 
the  theory  of  the  uniform  motion  of  rivers^  we  consider  the 
slope,  the  transverse  section  or  area  of  the  stream,  the  urn* 
form  velocity,  and  the  expense.  It  will  be  convemoat  to 
affix  precise  meanings  to  the  terms  whidi  we  shall  enft- 
ploy. 

The  SECTION  of  a  stream  is  the  area  of  a  plane  perpen- 
dicular to  the  directiim  of  the  general  motion. 

The  resistances  arise  ultimately  from  the  action  of  die 

water  on  the  internal  surfSsu^  of  the  channel,  and  must  be 

proportional  {cceieris  paribus)  to  the  extent  of  the  action. 

Therefore  if  we  unfi>ld  the  whole  edge  of  this  section,  irinoh 

'is  rubbed  as  it  were  by  die  passing  water,  we  shall  have  a 
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BieMire  of  the  extent  dT  this  action.  In  a  pipe^  dileultr 
or  prismatical,  the  whole  cirGumference  is  acted  on ;  but 
in  a  met  or  canal  ACDE  (Fig.  6*)  the  horisontal  line 
AOE,  which  makes  the  upper  boundary  of  the  section 
ACDE,  is  free  from  all  action.  The  action  is  confined  to 
the  three  lines  AC,  CD,  DE.  We  shfill  cal}  this  fine 
ACDE  the  bobder  of  the  section. 

The  MEAN  vEi^ociTY  is  that  with  which  the  whple  seo^ 
tion,  moving  equally,  would  generate  a  solid  equal  to  the 
expense  of  tl)e  stream^  This  velocity  is  to  be  found  per^* 
haps  but  in  one  filament  of  the  stream,  and  we  do  not  know 
in  which  filament  it  is  to  be  fopnd. 

Since  we  are  attempting  to  estftbli^h  an  empirical  theoiy 
of  the  motion  of  rivers,  founded  entirely  on  experiment 
and  palpable  deductions  from  them ;  and  since  it  is  ex- 
tremely difficult  to  ra&ke  experiments  on  open  streams 
which  shall  have  a  precision  sufficient  for  spch  ^n  import- 
ant purpose-»it  would  be'  a  most  desirable  thing  to  den^on- 
strate  an  exact  analogy  between  the  mutual  balandng  of 
the  acceleration  and  remstance  in  jnpes  and  in  rivers ;  for  in 
thosfs  we  pan  not  o|iIy  make  experiments  with  all  the  de- 
rired  accuracy,  and  admitting  precise  measures,  but  we 
can  make  them  in  a  number  of  cases  that  are  almost  im- 
practicable in  rivers.  We  can  increase  the  slope  of  a  pipe 
finom  nothing  to  the  vertical  position,  and  we  can  employ 
every  desired  degree  of  pressure,  so  as  to  ascertain  its  effect 
on  the  velocity  in  degrees  which  open  streams  will  not  ad- 
mi^  The  Chevalier  de  Buat  has  most  happily  succeeded 
in  this  demonstration  ;  and  it  is  here  that  his  good  fortune 
und  bii$  penetration  )uive  dpne  so  much  service  to  practjical 
sdence. 

Let  AB  (Fig.  7.)  be  4  horizontal  tube,  through  which 
the  water  is  impelled  by  the  pressure  or  head  DA.  Thi9 
head  is  the  moving  power ;  and  it  may  be  conceived  as 
conasting  of  two  parts,  performing  two  ^stinct  offipes, 
Doe  of  them  is  cniployed  in  impressing  on  the  water  thai 
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Tdocity  with  which  it  ocHiaBy  maoea  in  the  tube.  Were 
there  no  obstructions  to  this  motion,  no  greater  head  wouM 
be  wanted ;  but  there  are  obstructions  ariang  from  fno- 
tion,  adhesion,  and  viscidity.  This  requires  force.  Let 
this  be  the  office  of  the  rest  of  the  head  of  water  in  the  re- 
servoir. There  is  but  one  allotment,  appropriation,  or  re- 
partition, of  the  whole  head  which  will  answer.     Suppose 

E  to  be  the  point  of  partition,  so  that  DE  is  the  head  ne- 
cessaiy  for  impressing  the  actual  velocity  on  the  water  (a 
head  or  pressure  which  has  a  relation  to  the  form  or  cir- 
cumstance of  the  entry,  and  the  contraction  which  takes 
place  there).  The  rest  E A  is  wholly  employed  in  over- 
coming the  nmultaneous  resistances  which  take  place  along 
the  whole  tube  AB,  and  is  in  equilibrio  with  this  reast- 
ance.  Therefore  if  we  apply  at  E  a  tube  EC  of  the  same 
length  and  diameter  with  AB,  and  having  the  same  degree 
of  polish  or  roughness ;  and  if  this  tube  be  inclined  in  such 
a  manner  that  the  axis  of  its  extremity  may  coincide  with 
the  axis  of  AB  in  the  point  C— we  affirm  that  the  vekidty 
will  be  the  same  in  both  pipes,  and  that  they  will  have  the 
same  expense ;  for  the  moving  force  in  the  sloping  pipe 
EC  is  composed  of  the  whole  weight  of  the  column  DE 
and  the  relative  weight  of  the  column  EC  ;  but  this  rela- 
tive weight,  by  which  alone  it  descends  along  the  inclined 
pipe  EC,  is  precisely  equal  to  the  weight  of  a  vertical 
column  EA  of  the  same  diameter.  Every  thing  therefore 
is  equal  in  the  two  pipes,  viz.  the  lengths,  the  diameters, 
the  moving  forces,  and  the  resistances ;  therefore  the  ve- 
locities and  discharges  will  also  be  equal. 

This  is  not  only  the  case  on  the  whole,  but  also  in  every 
part  of  it.  The  relative  weight  of  any  part  of  it  EK  is 
precisely  in  equilibrio  with  the  resistances  along  that  part 
of  the  pipe ;  for  it  has  the  same  proportion  to  the  whole 
relative  weight  that  the  resistance  has  to  the  whole  resist- 
ance. Therefore  {and  this  is  the  most  important  circum- 
stanc€y  and  the  basis  of  the  tohol^  theory)  the  pipe  EC 
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xoxy  be  cut  shorter,  or  may  be  lengthened  to  infinity^  with- 
out making  any  change  in  the  velocity  or  expense,  so  long 
as  the  propelling  head  DE  remuns  the  same. 

Leaving  the  whole  head  DA  as  it  is,  if  we  lengthen  the 
horizontal  pipe  AB  to  G,  it  is  evident  that  we  increase  the 
resistance  without  any  addition  of  force  to  overcome  it 
The  velocity  must  therefore  be  diminished;  and  it  will 
now  be  a  velocity  which  is  produced  by  a  smaller  head  than 
DE :  therefore  if  we  were  to  put  in  a  pipe  of  equal  length 
at  E,  terminating  in  the  horizontal  line  AG,  the  water  will 
not  run  equally  in  both  pipes.  In  order  that  it  may,  we 
must  discover  the  cKminished  velocity  with  whidi  the  water 
now  actually  runs  along  AG,  and  we  must  make  a  head 
DI  capable  of  impressing  this  vdoeity  at  the  entry  of  the 
jHpe,  and  then  insert  at  I  a  jnpe  IH  of  the  same  length 
with  AG.  The  expense  and  velocity  of  both  pipes  will 
now  be  the  same.* 


*  We  recommend  it  to  the  reader  to  make  this  diatribution  or  al« 
lotment  of  the  different  portiona  of  the  preaaure  very  familiar  to  hit 
mind.    It  ia  of  the  moat  extenaive  influence  in  every  queation  ef 
hydranlica^  and  will  on  every  occasion  give  him  diatinct  ooncepdoBS 
of  the  internal  procedure.    Obviooa  as  the  thought  aeema  to  b^ 
it  has  eacaped  the  attention  of  all  the  writers  on  the  aul](]ect.  LecchI, 
in  hia  Htfdraulict,  publiahed  in  1766,  aacribea  aomething  like  it  to 
Daniel  Bernoulli ;  but  Bernoulli^  in  the  paaaage  quoted,  only  apeaks 
of  the  partition  of  preaaure  in  the  inatant  of  opening  an  orifice. 
Part  of  itj  aaya  he,  ia  employed  in  accelerating  the  quieacent  water, 
and  producing  the  velocity  of  efflux,  and  the  remainder  produces  tfte 
preaaure  (now  diminiabcd)  on  the  aidea  of  the  veaael.    BemonlU, 
BosBut,  and  all  the  good  writers,  make  thia  distribution  in  expreaa 
terma  in  their  explanation  of  the  motion  of  water  through  aucceaaive 
orificea ;  and  it  ia  surpriaing  that  no  one  before  the  Chevalier  de  Bust 
saw  that  the  reaiatance  ariaing  from  friction  required  a  aimilar  par- 
tition of  the  preaaure ;  bat  though  we  ahonld  call  thia  good  fortune, 
we  most  ascribe  to  his  great  sugseity  and  justness  of  oonoeption  tiM 
btntiad  use  that  kt  has  nutd*  of  it 
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'  What  has  now  been  sud  of  a  horizontal  pijpe;AB  vdhU 
have  been  equally  true  of  any  inclined  pipe  Al^  AfB 
(Fig.  8.)    Drawing  the  horinmtal  line  CBy  we  aea  tint 
DC  is  the  whole  head  or  propdling  pressure  fisreiAatp^ 
AB  or  A'B;  and  if  D£  is  the  bead  neoesiaiy  tor  Jim 
.actual  Vdodty,  EC  is  the  head  necessary  for  H^mHwythr 
.  renstances ;  and  the  pipe  EF  of  the  same  length  wUk 
AB)  and  terminating  in  the  same  horinmtal  line,  will  bmm 
'the  same  velocity;  and  its  inclination  bdng  thus  dal» 
.'mined,  it  will  have  the  same  velodty  and  expense  whatefcr 
be  its  length.  j. 

Thus  we  see  that  the  motion  in  any  pipe,  horisontal.ar 
sloping,  may  be  referred  to  or  substituted  for  the  motioB 
in  another  inclined  pipe,  whose  head  of  water,  afaonns  the 
pbu^e  of  entry,  is  that  prdductive  of  the  actual  vdpdfy  of 
the  water  in  the  pipe.    Now,  in  this  case,  the 
force  is  equal  to  the  resistance :  we  may  therefore 
this  last  pipe  as  a  river,  of  which  the  bed  an^.  the  alopsi 
uniicHin  or  constant,  and  the  current  in  a  state  of 
nency ;  and  we  now  may  clearly  draw  this  important  con- 
clusion, that  pipes  and  open  streams,  when  in  a  state  of 
permanency,  perfectly  resemble  each  other  in  thecircum- 
stances  which  are  the  immediate  causes  of  this  permanency. 
The  equilibrium  between  the  accelerating  force  obtains  not 
only  in  general,  but  takes  place  through  the  whole  length 
of  the  pipe  or  stream,  and  is  predicable  of  every  individual 
transverse  section  of  either.     To  make  this  more  palpably 
evident  if  possible,  let  us  consider  a  sloping  cylindrical 
fnpe,  the  current  of  which  is  in  a  state  of  permanency.  We 
can  conceive  it  as  consisting  of  two  half  cylinders,  an  upper 
and  a  lower.     These  are  running  together  at  an  equal 
pace ;  and  the  filaments  of  each  immetliately  contiguous  to 
the  separating  plane  and  to  each  other,  are  not  rubbing  on 
each  other,  nor  aflTecting  each  other's  motions  in  the  small- 
dc^ee.     It  is  true  that  the  upper  half  is  pressing  cm 
lower,  but  in  a  direction  perpendicular  to  the  motion. 
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and  therefore  not  afiecting  the  velocity ;  and  we  shaU  see 
pi^sently,  that  although  the  lower  ^de  of  the  pipe  bears 
somewhat  more  pressure  than  the  other,  the  re^stances  are 
not  changed.  (Indeed  this  odds  of  pressure  is  accompanied 
with  a  difference  of  motion,  which  need  not  be  considered 
at  present ;  and  we  may  suppose  tlie  pipe  so  small  or  so 
far  below  the  surface,  that  this  shall  be  insensible).  Now 
let  suppose,  that  in  an  instant  the  upper  half  cylinder  is 
annihilated :  we  then  have  an  open  stream ;  and  every 
circumstance  of  accelerating  force,  and  of  resistance  remains 
precisely  as  it  was.  The  motion  must  therefore  continue 
as  it  did ;  and  in  this  state  the  only  accelerating  force  is 
the  slope  of  the  surface.  The  demonstration  therefore  is 
complete. 

From  these  observations' and  reasonings,  we  draw  a  gene- 
ral and  important  conclusion,  *^  That  the  same  pipe  will 
be  susceptible  of  different  velocities,  which  it  will  preserve 
uniform  to  any  distance,  according  as  it  has  different  in- 
clinations ;  and  each  inclination  of  a  pipe  of  given  diameter 
has  a  certain  velocity  peculiar  to  itself  which  will  be  piain- 
tained  unifovm  to  any  distance  whatever  ;  and  this  velocity 
increases  continually,  according  to  some  law,  to  be  dis- 
covered by  theory  or  experiment,  as  the  position  of  tfie 
pipe  changes,  from  being  horizontal  till  it  becomes  verti- 
cal ;  in  which  position  it  has  the  greatest  uniform  velocity 
possible  relative  to  its  inclination,  or  depending  on  inclina- 
tion alone. 

Let  this  velocity  be  called  the  train,  or  the  rate  of 
each  pipe. 

It  is  evident  that  this  principle  is  of  the  utmost  conse- 
quence in  the  theory  of  hydraulics ;  for  by  experiment 
we  can  find  the  train  of  any  pipe.  It  is  in  train  when  an 
increase  of  length  makes  no  change  in  the  velocity.  If 
lengthening  the  pipe  increases  the  velocity,  tlie  slope  of 
die  pipe  is  too  great,  and  vice  versa.  And  having  discover- 
ed the  train  of  a  pipe,  and  observed  its  velocity,  and  com- 
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I 

poted  die  iMdl  pradiw6?6or  tUi  tolodlf 
tioii  At  die  entry,  die  remoiiider  of  dieheiid^  «iM«i%  tte 
ehipe  (fbr  dim  U  equivalent  to  EA),  is  die  mieeuwW4h» 
zMittQoe.  Thus  we  obtain  the  meafure  of  tbe  JMiiieMr 
to  the  motion  with  a  gfaran  vdocily  in  n  pipe  of  ffHV^  H^ 
meter.  If  we  diange  only  the  Telocity,  we  get  the  mee» 
rare  of  the  new  reaatanoe  rdative  to  the  Tdooity « and  thwr 
dBaoorer  the  kw  of  lekdon  between  the  renatance  and  vbm 
lodty.  Then,diangingonly  the£ameterof  thepipetwa 
get  the  measure  of  the  lesutance  rebtife  to  the  diainBtrtt 
TUs  is  die  urn  of  a  prodigious  number  of  esperiiaeBli 
made  and  cdlleeted  by  Buat,  and  wUdi  we  shall;  not  ttk 
peaty  but  only  gm  tlw  results  of  die  difierent  parts  of  Uft 
mvestigation. 

,  We  may  express  the  dope  of  a  pipe  by  the  syqdbol  ^  1 

bring  an  inch,  finr  inatapoe,  and  #  being  the  slant  length  ef 

a  pipe  whidb  is  one  inch  more  elevated  at  one  end  tfaMsi 

4ie  other.    Thus  a  river  which  has  a  dedivity  of  no  indh 

and  a  half  in  ISO  ikdKHns,  or  8640  inches,  has  ite  slope 

li  1 

=  nSiu*  ^^  StSo*     ^"^  "^  order  to  obtain  the  hydrauEc 

slope  of  a  conduit  pipe,  the  heights  of  the  reservmr  and 
place  of  discharge  being  given,  we  must  subtract  from  the 
difference  of  elevation  the  height  or  head  of  water  neces- 
sary for  propelling  the  water  into  any  pipe  with  the  ve- 
locity V,  which  it  is  supposed  actuaUy  to  have.     This 

V 
is  -wfTT'     The  remainder  d  is  to  be  considered  as  the 

hdght  of  the  declivity,  which  is  to  be  dbtributed  equally 

over  the  whole  length  /  of  the  pipe,  and  the  slope  is  then  j, 

# 

"^     e  is  another  important  view  to  be  taken  of  the  slopes 
le  read^  should  make  very  familiar  tahis  thouj^ta. 


Ikjsh'u  h 
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It  cxpresaes  the  pnqportion  between  the  wdght  of  the  whole 
ocduxnn  which  is  ia  motion  and  the  weight  which  it.  enijploy- 
ed  in  oYercoming  the  resistance ;  and  the  resistance  to  the 
motion  of  any  column  of  water  is  equal  to  the  weight  criT 

that  column  mnldpGed  by  the  fraction  --,  whichexpresses  its 

slope. 

W£  come  now  to  consider  more  particularly  the  rc^sisU 
ances  whichin  this  manner  bring  the  motions  to  a  state  of 
uniformity.  If  we  consider  the  resistances  wUch  arisd 
from  a  cause  analogous  to  friction^  we  see  that  they  must 
depend  entirely  on  the  inertia  of  the  water.  What  we 
call  the  resistance  is  the  diminution  of  a  motion  wfaichi 
would  have  obtained  but  for  these  resistances ;  and  the  beA 
way  we  have  of  measuring  them  is  by  the  force  which  we 
must  employ  in  order  to  keep  up  or  restore  this  motioii,r 
We  estimate  this  motion  by  a  progressive  veloci^i  which 
we  measure  by  tlie  expense  of  water  in  a  given  dme.  We 
judge  the  velocity  to  diminish^  when  the  quantity  dis- 
charged  diminishes;  yet  it  may  be  otherwise,  and  pro- 
bably is  otherwise.  The  absolute  velocity  of  many,  if  not 
all  of  the  particles,  may  even  be  increased ;  but  many  of 
the  motions,  being  transverse  to  the  general  direcdon,  the 
quantity  of  motion  in  this  direction  may  be  less,  while,  the 
sum  of  the  absolute  motions  of  all  the  particles  may  be 
greater.  When  we  increase  the  general  velocity,  it  is  noi 
unreasonable  to  suppose  that  the  impulses  on  all  the  in- 
equalities are  increased  in  this  proportion ;  and  the  num- 
ber of  parUcles  thus  impelling  and  deflected  at  the  samd 
time  will  increase  in  the  same  proportion.  The  whole 
quantity  therefore  of  these  useless  and  lost  motions  will 
increase  in  the  duplicate  ratio  of  the  velocities,  and  the 
force  necessary  for  keeping  up  the  motion  will  do  so  also ; 
that  is,  the  resistances  should  increase  as  the  squares  of  the 
velocities. 


tt*"-!*         t^mMw^^'Wi^itm*. 


<Jg  tf-m €OBMkr  die  fMJm^ai  -M  itMagm^Mwi  *; 
the  cnrfdbire  of  the  hnpereepdfale  hilniMd  moCidlittrMii^ 
MMdbjrthe  iaeqiielkifls of  the adet  <^  tlM {ipe,  «ri( 
mmmxnA  bjr  the  ibroee  nvommtj  tot  prodttcii^thM  .lan^/ 
TilM  potiei^^  tfaq;^  becwK  t%  oii^^  >|1,  bf)  ^  .. 
•iiw  wiuAever  itre  the  tdodtiei,  the  deflficiring  fttoei  ^^,, 
be  as  the  iquai^s  of  the  vdodiies ;  but  theK  dcAeBllq^  .^ 
Ibffo^  ere  pratureBp  propegeted  fiom  the  perts  uxgedj^^ .  .^ 
piMMl  by  the  cartcniel  forae,  end'eiepropmrriniyil  to  tfaqi  u. 
isteniel  pmninf  I7  die  prin^^ 
fine  the  pecMores  or  fisreee  liecetnry  fer  hetpitignp^^j 
tdoiidM  an  as  die  s^naics  of  these  irdbeitiee;  and  tbof^  j 
Ml  iter  dUj  msasuiei  of  the  leaisCaiioes  wfaicb  miipt  ht^ 
eomUoed  as  fbUowiiig  the  same  ratia    WhsteVisr  "ne^ .,, 
dMftfim  ^re  take  of  the  natuie  of  these  iettstaiioe%  ^ 
hd  lo  eonader  dism  as  prapordboal  to  the  sqoaiea  of  w>!  ;, 


bol  -->  m  bong  some  number  to  Ite  diaooFered  by  eapisa;^  .». 

ment.  Thus,  in  a  particular  ppe,  the  diminution  of  di^ 
modon  or  the  resistance  may  be  1000th  part  of  the  square 

Vow  Vg  be  the  Accelerating  power  of  gravity  on  any 
pardde    ^  will  be  its  acceleraUng  power,  by  which  it 

urge  it  down  the  pipe  whose  slope  is  -.    Therefor^ 

by  the  prindtdi^  of  uniform  motion,  the  equality  of  the  a&« 

eeleratiitir  forofe.  and  the  renstance,  we  shall  have  —  =:  ^ 

m       s 

and  V  ^#  =  Vmff-;  that  is,  the  product  of  the  velocity, 
and  the  redprocal  of  the  square  root  of  the  slope,  or  the 
quotient  of  the  velocity  divided  by  the  slope,  is  a  con- 
stant quantity  Vmg  for  any  given  pipe ;    and  the  pri^ 
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iDJEury  fiinnula  for  all  the  umfcHrm  velodties  of  one  pipe  is 

M.  Buat  therefore  examined  this  by  experiment,  but 
found,  that  even  with  respect  to  a  pipe  or  channel,  which  was 
uniform  throughout,  this  was  not  true.  We  could  give  at 
once  the  final  formula  which  he  found  to  express  the  velo- 
dty  in  every  case  whatever;  but  this  would  be  too  empirical. 
The  chief  steps  of  his  very  sagacious  investigation  are  in- 
structive. We  shall  therefore  mention  them  briefly,  at 
least  as  far  as  they  tend  to  give  us  any  collateral  informa- 
tion ;  and  let  it  always  be  noted,  that  the  instruction  which 
they  convey  is  not  abstract  speculation,  but  experimental 
truths,  which  must  ever  remain  as  an  addition  to  our  stock 
of  knowledge,  although  M.  Buaf  s  deductions  from  them 
should  prove  false. 

He  found,  in  the  first  place,  that  in  the  same  channel 

the  product  of  V  ai^d  v^  increased  as  V^  increased ; 
that  is,  the  veloddes  increased  faster  than  the  square  roots 
of  the  slope,  or  the  resistances  did  not  increase  as  fast  as 
the  squares  of  the  velocities.  We  beg  leave  to  refer  our 
readers  to  what  we  said  on  the  resistance  of  pipes  to  the 
motion  of  fluids  through  them  in  the  article  Pneumatics, 
when  speaking  of  bellows.  They  will  there  see  very  valid 
reasons  (we  apprehend)  for  thinking  that  the  resistances 
must  increase  more  slowly  than  the  squares  of  the  veloci- 
ties. 

It  being  found-,  then,  that  V  '/It  is  not  equal  to  a  con^ 

stant  quantity  Vmg^  it  becomes  necessary  t^  investigate 

some  quantity  depending  on  VT,  or,  as  it  is  called,  some 

function  of  W,  which  shall  render  ^ mg  a  constant 
quantity.     Let  X  be  this  function  of  v^,  so  that  we  shall 

always  have  VX  equal  to  the  constant  quantity  ^mg^  or 


X  '     ,  ■  •  -V     .^ 

wluob  IB  in  tnin.  "  ,  ^0ttM 

If.  Bu^  aftw  iMDj  trials  and  reflections,  tbe  diief  o^ 
v^icfa  will  be  mmrtoned  by  and  by,  found  a  value  of  Xi 
TIuoi  qorwyndfJ  witfl  ■  vast  variety  of  slopes  and  vel«^ 
.  e^BS  t'oat  Moliona  dnart  imperceptible,  in  a  bed  wt^  i 
horiioiital,  to  the  gmtart  velocities  which  could  bepnh>|; 
dlteed  by  gtmtj  alaoa  io  a  vertical  pipe  ;  and  wben  W 
tfoatputA  dumtogHber,  be  found  a.  very  discernible  ni^l 
tian.1t<tiraen  ths  reutaocei  and  the  magnitude  of  tite  xAi  (< 
twDj  Uwt,i%  .that  bi  tvo  channels  which  had  the  ianafj' 
Jifffftf  wad  tha  aiQie  pnpellmg  force,  the  velocity  was  gra^ 
CRtiptlwC^Wiiielwlucfa bad  the  greatest  section  relatively 
ifp  border.,.  Thii  iqay  nasoDably  be  expected.     TbemJ 


e  fiom  tbe  mutual  action  of  the  water  and  thi 
biader,  ^be  water  immediaU-Jy  contiguous  to  it  isrelai 
cd,  ttdl  lllia  retaxda  tbe  ntet,  and  so  on.  It  is  to  be  exv[ 
peel»ai  tberefort,  tfwt  if  the  botder,  ukl  die  velMl^^MS 
tlfe  slope,  be  tbe  aabte,  the  dtmiAiilitHi  oiF  this  vdistitf  <itf 
be  m  much  the  less  as  it  is  to  be  shared  atneag  a  greater 
number  of  particles ;  that  is,  as  tbe  area  of  the  section  is 
greater  io  proportion  to  the  extent  of  its  border'.  The  c& 
minution  of  the  general  er  medium  velodly  mtjat  be  lesa  ia 
a  cylindrical  pipe  than  in  a  square  one  of  the  ante  area, 
faeoiufle  tbe  border  of  its  section  is  less. 

It  appears  evident,  that  the  resistance  of  each  psrtete  U 
in  tbe  direct  proportion  of  the  whole  re^atance,  and  tbe  in- 
vorse  proportion  of  the  namber  of  pu-ticles  which  recave 
equal  ohares  of  it  It  is  therefore  directly  aa  the  border* 
and  invusely  as  the  secticm.  Therefore  in  tbe  exptenion 
V* 
—  which  we  have  given  for  tbe  reMstance,  die  quanti^  M 

cannot  be  constant,  except  in  the  same  chauDel ;  and  in  dif- 
ferent ohaands  itmustvory  along  with  th«BeIatiao  of  tbe 
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section  to  its  border,  because  the  reastanoes  diminish  in  pro- 
portion as  this  relation  increases. 

Without  attempting  to  discover  this  relation  by  theore- 
deal  examination  of  the  particular  motions  of  the  various 
filaments,  M.  fiuat  endeavoured  to  discover  it  by  a  compa* 
rison  of  experiments.  But  this  required  some  manner  of 
stating  this  proportion  between  the  augmentation  of  the 
section  and  the  augmentation  of  its  border. 

His  statement  is  this :  He  reduces  every  section  to  a  rec- 
tangular paralldogFam  of  the  same  area,  and  having  it0 
base  equal  to  the  border  unfolded  into  a  straight  line*  The 
product  of  this  base  by  the  height  of  the  rectangle  will  be 
equal  to  the  area  of  the  section.  Therefore  this  he^t  wiQ 
be  a  representative  of  this  variable  ratio  of  the  section  to 
its  border  (We  do  not  mean  that  there  is  any  ratio  between 
a  surface  and  a  line :  but  the  ratio  of  section  to  section  i* 
different  from  that  of  border  to  border ;  and  it  is  the  ratio 
of  diese  ratios  which  is  thus  expressed  by  the  height  of  this 

^  S 

rectangle).     If  S  be  the  section,  and  B  the  border^  ^q-  is 

evidendy  a  line  equal  to  the  height  of  this  rectangle.  Eve- 
ry section  being  in  this  manner  reduced  to  a  rectangle,  the 
perpendicular  height  of  it  may  be  called  the  mtHKAjruo 
MEAN  DJEPTH  of  the  sectiou,  and  may  be  expressed  by  the 
sjrmbol  d,  (Buat  calls  it  the  mean  radius),  if  the  dian- 
nel  be  a  cylindrical  pipe,  or  an  open  half  cylinder,  it  is  evi- 
dent that  d  is  half  the  radius.     If  the  section  is  a  rectangle, 

wh 
whose  width  is  w,  and  height  A,  the  mean  depth  is  rxoX* 

&c.  In  general,  i£q  represent  the  proportion  of  the  fareadtk 
of  a  rectangular  canal  to  its  depth,  that  is,  if;  be  made  ae 

f,  we  shall  have  (1  =  ^,  or  d  =  ^. 

Now,  since  the  reristances  must  augment  as  the  propor- 
tion of  the  border  to  die  seetioB  augments,  m  in  the  for- 
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inulas  —  =  ~  aiid  W  ^  s  =  ^mgj  must  follow  the  pro- 
portions  of  d,  and  the  quantity  Vinff  must  be  proportioii- 


al  to  ^d  for  different  channels,  and    ^—    should  be  a 

constant  quantity  in  every  case. 

Our  author  was  aware,  however,  of  a  very  specious  ob> 
jection  to  the  close  dependence  of  the  resistance  on  the  ex- 
tent of  the  border ;  and  that  it  might  be  said  that  a  doubk 
border  did  not  occasbn  a  double  remstance,  unless  the 
pressure  on  all  the  parts  was  the  same.  For  it' may  be  nsr 
turally  (and  it  is  generally)  supposed,-  that  the  reustanoe 
will  be  greater  when  the  pressure  is  greater.  The  frictioD 
or  renstance  analogous  to  friction  may  therefore  be  greater 
on  an  inch  of  the  bottom  than  on  an  inch  of  the  udes ;  but 
M.  D^Alembert  and  many  others  have  demonstrated,  that 
the  paths  of  the  filaments  will  be  the  same,  whatever  be  the 
pressures.  This  might  serve  to  justify  our  ingenious  au^ 
thor ;  but  he  was  determined  to  rest  every  thing  on  expe- 
riment He  therefore  made  an  experiment  on  the  oscilla- 
tion of  water  in  syphons^  which  we  have  repeated  in  the 
following  form,  which  is  affected  by  tiic  same  circumstan- 
ces, and  is  susceptible  of  much  greater  precision,  and  of 
more  extensive  and  important  application  : 

The  two  vessels  ABCD,  abed  (Fig.  9.)  were  connected 
by  the  syphon  'EFGgife,  which  turned  round  in  tlie  short 
tubes  E  and  e,  without  allowing  any  water  to  escai)e ;  the 
axes  of  these  tubes  being  in  one  straight  line.  The  ves- 
sels about  ten  inches  deep,  and  the  branches  FG,  J^g 
of  the  syphon  were  about  five  feet  long.  The  vessels 
were  set  on  two  tables  of  equal  height,  and  (the  hole  e 
being  stopped)  the  vessel  ABCD,  and  the  whole  syphon, 
were  filled  with  water,  and  water  was  poured  into  the  ves- 
sel a&c  d  till  it  stood  at  a  certain  height  ^M.     The  sy- 
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phon  was  then  turned  into  a  horizontal  position,  and  the 
plug  drawn  out  of  e^  and  the  time  carefully  noted  which 
the  water  employed  in  riring  to  the  level  HKkh  in  both 
vessels.  The  whole  apparatus  was  now  inclined,  so  that 
the  water  run  back  into  ABCD.  The  syjdion  was  now 
put  in  a  vertical  position,  and  the  experiment  was  repeat* 
ed. — No  sensible  or  regular  difference  was  observed  in  the 
time.  Yet  in  Uiis  experiment  the  pressure  on  the  part  G  g 
of  the  syphon  was  more  than  six  times  greater  than  before. 
As  it  was  thought  that  the  friction  on  this  small  part  (only 
m  inches)  was  too  small  a  portion  of  the  whole  obstruc 
tion,  various  additional  obstructions  were  put  into  this  poK 
of  the  syphon,  and  it  was  even  lengthened  to  nine  feet ; 
but  still  no  remarkable  difference  was  observed.  It  was 
even  thought  that  the  times  were  less  when  the  ^rphon  was 
vertical. 

Thus  M.  de  Buafs  opinion  is  completely  justified  ;  and 
he  may  be  allowed  to  assert,  that  the  resistance  depends 
chiefly  on  the  relation  between  the  section  and  its  border ; 

and  that ^  should  be  a  constant  quantity. 

j^  a 

To  ascertain  this  point  was  the  object  of  the  next  series 

of  experiments;  to  see  whether  this  quantity  was  really 

constant,  and,  if  not,  to  discover  the  law  of  its  variation^ 

and  the  physical  circumstances  which  accompanied  the  ts» 

nations,  and  may  therefore  be  considered  as  their  causes. 

A  careful  comparison  of  a  very  great  number  of  experi* 

ments,  made  with  the  same  slope,  and  with  very  diffisrent 

channels  and  velocities,  showed  that  */  mg  did  not  follow 
the  proportion  of  v^d,  nor  of  any  power  o{  ^1[.  This 
quantity  */  mg  increased  by  smaller  degrees  in  proportion 
as  v^  was  greater.  In  very  great  beds  */  mg  was  near- 
proportional  to  V^  but  in  smaller  channels,  the  velocities 
diminished  much  mpr^  th^V^d  did.  Casting,  about  fo|r 
some  way  of  accommodation,  M.  Buat  considered,  that  some 


1 


^^dTsome  ecNUtant  flnall  qutntitj.    This  iM^eridKai^tfit 
tmsh  a  dimiautioii  wiU  luivd  but  a  triBiog  cibot  mhm  V? 

ift  great,  and  its  eChct  win  inercttae  npcfl  J  ivlieii' 4^ 
ittalL    He  tbetefbte  tried  Tarious  Talues  for" 
tioDi  and  connpared  the  tesalti  with  the  fointsfexpeAttltil^ 
and  he  found,  that  if  in  every  ceae  v^7be  rlimliiiitf 
bj  oto-tenth  of  an  inch,  the  calculated  HhAmrgtB  tMH  "i 
agree  -wety  exactly  with  the  experiment    Therdbiit'  Hit   i 

ateadofi/^he  makea  uaeoft^^i— 0,1,  and  fioda,^  i 
qumti^  alwaya  proportional   to  vmg^  or  finda  1^ 

— — -£^iaa  conatant  quantity,  or  very  nearly  a&'B 

iraried  fiom  897  Ifr  S87  in  all  aectioDa  firom  that  of  awHyi 
amall  pipe  to  that  of  a  little  canal.    In  the  laiga 
of  capala  and  riverait  diminiahed^till  more^  but 
hwthanasa 

TUa  leault  ia  very  agraaahle  to  the  moat  diatiiMt] 
that  we  can  form  of  the  mutual  actions  of  the  water  and  ila 
bed.  We  see,  that  when  the  motion  of  water  is  obstruct- 
ed by  a  solid  body,  which  deflects  the  passing  filamcnti, 
the  disturbance  does  not  extend  to  any  considerable  dis- 
tance on  the  two  sides  of  the  body.  In  like  manner,  tht 
small  disturbances,  and  imperceptible  curvilineal  motions 
which  are  occasioned  by  the  infinitesimal  inequalities  of  tha 
diannel,  must  extend  to  a  very  small  distance  indeed  froai 
the  sides  and  bottom  of  the  channel.  We  know,  too,  that 
the  mutual  adheaon  or  attraction  of  water  for  the  aolid  bo- 
dies which  are  moistened  by  it,  extends  to  a  very  small  dii* 
tance ;  which  is  probably  the  same,  or  nearly  8o»  in  all 
cases.  M.  Buat  observes,  that  a  surface  of  523  square 
inches,  applied  to  the  surface  of  stagnant  water,  lifted  1601 
grains ;  another  of  6^  square  inches  lifted  865  :  thia  was 
at  the  rate  of  65  grains  per  inch  nearly,  making  a  colunm 
of  about  one-sixth  of  an  inch  hig^.    Now  dua  eH^  ia  viaty 
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much  analogous  to  a  real  oontraction  of  the  o^Mcity  of  the 
channel.  The  water  may  be  ccHiceived  as  nearly  stagnant 
to  this  small  distance  from  the  border  of  the  section.  Ofy 
to  speak  more  accurately,  the  diminution  of  the  progressive 
velocity  occasioned  by  the  friction  and  adhedon  of  the  sides, 
decreases  very  rapidly  as '  we  recede  from  the  sides,  and 
ceases  to  be  sensible  at  a  very  small  distance. 

The  writer  of  this  article  verified  this  by  a  very  simple 
and  instructive  experiment.  He  was  making  experiments 
on  the  production  of  vortices,  in  the  manner  suggested  by 
Sir  Isaac  Newton,  by  whirling  a  very  accurate  and  smooth- 
ly polished  cylinder  in  water ;  and  he  found  that  the  rapd 
motion  of  the  surrounding  water  was  confined  tq  an  exceed- 
ing small  distance  from  the  cylinder,  and  it  was  not  till  aCi 
ter  many  revolutions  that  it  was  sensible  even  at  the  dig* 
tance  of  half  an  inch.  We  may,  by  the  way,  suggest  this 
as  the  best  form  of  experiments  for  examining  the  resist- 
ances  of  pipes.  The  motion  excited  by  the  whirling  cylin- 
der in  the  stagnant  water  is  equal  and  opposite  to  the  mo- 
tion lost  by  water  passing  along  a  surface  equal  to  that  of 
the  cylinder  with  the  same  velocity.  Be  this  as  it  may, 
we  are  justified  in  considering,  with  M.  Buat,  the  section 
of  the  stream  as  thus  diminished  by  cutting  off  a  narrow  bor- 
der all  round  the  touching  parts,  and  supposing  that  the 
motion  and  discharge  is  the  same  as  if  the  root  c^  the  mean ' 
depth  of  the  section  were  diminished  by  a  small  quantity, 
nearly  constant.  We  see,  too,  that  the  effect  of  this  must  be 
insensible  in  great  canals  and  rivers ;  so  that,  fcNrtunately, 
its  quantity  is  best  ascertained  by  experiments  made,  with 
small  pipes.  This  is  attended  with  another  oonveniency, 
ID  the  opinion  of  M.  Buat,  namely,  that  the  effect  of  viadU 
dity  is  most  sensible  in  great  masses  of  water  in  slow  mo- 
tion, and  is  almost  insensible  in  small  pipes,  so  as  not  to 
disturb  these  experiments.    We  may  therefore  assume  897 


aa  the  general  vidue  of  ^—  ■  ^    > 

vd — 0,1 
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Since  we  have    .^^     =  S97.  we  have  daa  m  « 

VT—  0,1 

MxVd-_.0,l*,=  ^  (^^rf-  0,1)%  =  ««,7 

(VdT— 0,1)*.     This  we  may  express  by  n  (Vd  —  0,1)*. 
And  thus,  when  we  have  expressed  the  effect  of  fricdoa  bj 

V* 

"^j  the  quantity  m  is  variable,  and  its  general  value  is  a 

V* 

,  in  which  n  is  an  invariable  abstract  number 


(Vd  — 0,1)* 

equal  to  243,7,  given  by  the  nature  of  the  resistance  which 

water  spstains  from  its  bed,  and  which  indicates  its  iaim- 

sity. 

And,  lastly,  nnoe  m^asn  (^  d  —  0,1)%  we  have  V  mg 

a=  Vn]^(^d  — 0,1),  and  the  expression  ofthevdocit^ 
V,  which  water  acquires  and  maintains  along  any  duamel 

whatever,  now  becomes  V  =  — ^^  ^  ^  ^^,      %  or 

^  — ^—ly  in  which  X  is  also  a  variable  quantity, 

depending  on  the  slope  of  the  surface  or  channel,  and  ex- 
pressing the  accelerating  force  which,  in  the  case  of  water 
in  train,  is  in  cquilibrio  with  the  resistances  expressed  by 
the  numerator  of  the  fraction. 

Having  so  happily  succeeded  in  ascertaining  the  varia- 
tions of  resistance,  let  us  accompany  M.  Buat  in  his  inves- 
tigation of  the  law  of  acceleration,  expressed  by  the  value 
ofX. 

Experience,  in  perfect  agreement  with  any  distinct  op- 
nions  that  we  can  form  on  this  subject,  had  already  showed 
him,  that  the  resistances  increased  in  a  slower  ratio  than 
that  of  the  squares  of  the  velocities,  or  that  the  velocities 
increased  slower  than  \^T.     Therefore,  in  the  formula  V 

= "^  >  which,  for  one  channel,  we  may 
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express  thus,  V  =  -jr,  we  must  admit  that  X  is  senublj 

equal  to  'J's  when  the  slope  is  very  small  or  3  very  great. 
But,  that  we  may  accurately  express  the  velocity  in  pro- 
portion as  the  slope  augments,  we  must  have  X  greater 

than  ^~.  and  moreover, must  increase  as  ^"y  ji. 

minishes.  These  conditions  are  necessary,  that  our  values 
of  V,  deduced  from  the  forpaula  V  =  -^f  mayagree  with 

the  expeiiment. 

In  order  to  comprehend  every  degree  of  slope,  we  must 
particularly  attend  to  the  motion  .through  pipes,  because 
open  canals  will  not  furnish  us  with  instances  of  exact 
TBAixs  with  great  slopes  and  velocities.    We  can  make 

pipes  vertioaL     In  this  case   *-  is  t^  and  the  velocity  is  the 

greatest  possible  for  a  train  by  the  action  of  gravity :  but  we 
can  ^ve  greater  velocities  than  this  by  increasing  the  head 
of  water  beyond  what  produces  the  velocity  of  the  tndn. 

Let  AB  (Fig.  10.)  be  a  vertical  tube,  and  let  CA  be  the 
head  competent  to  the  velocity  in  the  tube,  which  we  sup- 
pose to  be  in  train.  The  slope  is  1,  and  tha  full  weight  of 
the  column  in  motion  is  the  precise  measure  of  the  resist- 
ance.    The  value  of  '-9  conadered  as  a  slope,  is  now  a 

maximum ;  but,  considered  as  expresung  the  proportion  of 
the  weight  of  the  ccdumn  in  motion  to  the  weight  whidi  is 
in  equilibrio  with  the. resistance,  it  may  not  be  a  maxi- 
mum ;  it  may  surpass  unity,  and  ^  may  be  less  than  1. 
For  if  the  vessel  be  filled  to  E,  the  head  of  water  is  increas- 
ed, and  will  produce  a  greater  velocity,  and  this  will  pro- 
duce a  greater  resistance.  The  velocity  being  now  greater, 
the  head  £F  whidi  imparts  it  must  be  greater  than  CA. 
But  it  will  not  be  equal  to  E  A,  because  the  umfona  ^^cw  , 
dties  are  Jbund  to  increase  faster  than  tVie  squax^  tocAj^^ 
rot.  It.  2  F 
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the  pressures.  This  is  the  general  fact.  Therefixe  F  is 
above  A,  and  the  weight  of  the  oolumn  FB,  now  empk^ed 
to  ovaroome  the  reustance,  is  greater  than  the  wagfat  of  the 

column  AB  in  motion.    In  such  cases,  dierefore,  --,  gre^t* 

er  than  unity,  is  a  sort  of  fictitious  slope,  and  only  repre- 
sents the  pn^rtion  of  the  resistance  to  the  weight  of  the 
moving  column.     This  proportion  may  surpass  unity. 

But  it  cannot  be  infinite :  for  supposing  the  head  of 
water  infinite  ;  if  this  produqe  a  finite  vdodty,  and  we  da- 
duct  from  the  whole  height  the  height  corresponding  to 
this  finite  velodty,  there  will  remain  an  infinite  head^  the 
measure  of  an  infimte  reustance  produced  by  a  finite  vdo- 
dty.  This  does  not  accord  with  the  observed  law  of  the 
velocities,  where  the  resbtances  actually  do  not  increase  as 
fiist  as  the  squares  of  the  velocities.  Therefore  an  infinite 
head  would  have  produced  an  infinite  velocity,  in  opposi- 
tion to  the  resistances :  taking  off  the  head  of  the  tube, 
competent  to  this  velocity,  at  the  entry  of  the  tube,  which 
head  would  also  be  infinite,  the  remainder  would  in  all  pro- 
bability be  finite,  balancing  a  finite  resistance. 

Therefore,  the  value  of  s  may  remain  finite,  although  the 
velocity  be  infinite ;  and  this  is  agreeable  to  all  our  clearest 
notions  of  the  resistances. 

Adopting  this  principle,  we  must  find  the  value  of  X 
which  will  answer  all  these  conditions.    2.  It  must  be  sensibly 

proportional  to  vsl  while  s  is  great.     It  must  always  be 

less  than  v  s,     3.  It  must  deviate  from  the  proportion  of 

^  *,  so  much  the  more  as  V^is  smaller.  4.  It  must  not 
vanish  when  the  velocity  is  infinite.  5.  It  must  agree  with 
a  range  of  experiments  with  every  variety  of  chaimel  and 
of  slope. 

We  shall  understand  the  nature  of  this  quantity  X  bet- 
ter by  representing  by  lines  the  quantities  concerned  in 
forming  it. 
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If  the  velocities  were  exactly  as  the  square  roots-  of 
the  slopes,  the  eqiulateral  hyperbola  NKS  (Fig.  11.) 
between  its  assjrmptotes  MA,  AB,  would  represent  the 

A  ^ 

equation  V  =  -^ — •  The  values  of  v^  »  would  be  repre- 
sented by  the  abscisses,  and  the  velocities  by  the  ordinates 
andV  v^«  =  Awouldbe  thepower  of  the  hjrperbola.  But 

A 

since  these  velocities  are  not  sensibly  equal  to  -— —  except 

when  i/Tis  very  great,  an4  deviate  the  more  from  tfiis 

quantity  as  v^  is  smaller ;  we  may  represent  the  velocities 
by  the  ordinates  of  another  curve  P6T,  which  approaches 
very  near  to  the  hyperbola,  at  a  great  distance  from  A  along 
AB ;  but  separates  from  it  when  the  abscissa  are  smaller"^ 
so  that  if  AQ  represents  that  value  of  v'  ^  (which  we  have 
seen  may  become  less  than  unity),  which  corresponds  to  an 
infinite  velocity,  the  line  QO  may  be  the  assymptote  of  the 

A 

new  curve.     Its  ordinates  are  equal  to  -^  while  those  of 

A 
the  hyperbola  are  equal  to  —. —     Therefore  the  ratio  of 

these  ordinates  or  -t=^  should  be  such  that  it  shall  be 

I 

'BO  much  nearer  to  unity  as  V  ^  is  greater,  and  shall  sur- 
pass  it  so  much  the  more  as  «/  «  is  smaller. 

To  express  X  therefore  as  some  function  of  ^  s  90  bb 
to  answer  these  conditions,  we  see  in  general  that  X  must 
be  less  than  V  ^*    And  it  must  not  be  equal  to  any  power 

of  V  ^  whose  index  is  less  than  unity,  because  then  -^o 


would  differ  so  much  the  more  from  unity  as  V  ^  is  great- 
er. Nor  must  it  be  any  multiple  of  V  ^  such  as  g  V  ^» 
for  the  same  reason.  If  we  make  X==  V  ^  —  K,  K  being 
a  constant  quantity,  we  may  answer  the  first  condition 
pretty  well.     But  K  must  be  very  small,  that  X  may  not 


s 


41^  TiliM«  <» 

4..._    . w.^^j^.M^  rfiiili;!^     ■r-ifiia  TlfraMifcifMlil^fciiwi^frdfcB' 

because  the  ratio -7 z,  docs  not  inoneaiae  piffidmlly  te 

oorrtqRnd mdi  the  veiodtiet  wtucn ire 'oMerre  w'«MiV 
dsj^  mdm  lite  uufte'l:  gWAir  tiMiiHftil>y,>»lillili  ^jjl 
v  ftaodtiMMtt  %iui  bvhAr  ^SkfmHittnif^  W6- '  Imhi  vfli' 
aneli  caaTaMiiig  that  it  will  not  do  to  mako  K  a  oooilM 
qHftntity.  ^Ifwe  fllkmld  make  U  any  frM^oiuary  pd«^ 
^  4^  it  #oidd  make  X  ^«,  that  'i%  Dodung^  whev-tit' 
ste  1,  wUdi  18  also  ooDtiiiy  to  ezpeoenoe-  ltimnMiai||* 
thccdbce^  that  nodung wiH  answer  for  E  but  wamt^mf 
of  V  v^udi  hm  a  variable  index;  The  kgmatkflt  ^ 
y  «  has  this  property.  We  may  tfaere&re  try  to 
Xsa^#: — 'lag.  ,j 8.  Aeeordiqgly  if  wetiytbe* 

^=  ;      i^  \ — -7— •  fcfe  Shan  is&a  k'^ 

i^ieement  with  the  experiments  till  the  decbn^ 
cSoOfilehm,  w  tbdM^^  w«dh  fa  much  grdifttfilf' 
any  river.  But  it  will  not  agree  with  the  velodties  ob- 
served in  some  mill-courses,  and  in  pipes  of  a  still  greater 
declivity,  and  gives  a  velocity  that  is  too  small ;  and  in 
vertical  pipes  the  velodty  is  not  above  one  half  of  the  true 
one.     We  shall  get  rid  of  most  of  these  incongruities  if  we 

make  K  condst  of  the  hyperboUc  logarithm  of  V  ^  aug- 
mented by  a  small  constant  quantity,  and  by  trying  vaii6us 
values  for  this  constant  quantity,  and  comparing  the  re- 
sults with  experiments,  we  may  hit  on  one  suffidendy  ex- 
act for  all  practical  purposes. 

M.  de  Biiat,  jEifler  repeated  trials,  found  that  he  would 
have  a  very  great  conformity  urith  experiment  by  making 

K  =  log.  V  J  +  1,  6,  and  that  the  velocities  exhibited  in 

his  experiments  would  be  very  well  represented  by  die  fix*- 

1    V       297  (yd  — 0,1) 
mula  V=       /— 3 — -=====^.  . 

There  is  a  circumstance  which  our  author  seems  to  have 
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qjf^kfke^  ^  this  oocasion^  and  which  is  undoubtedly  of 
gHIBit  effect  in  these  modems,  via*  the  mutual  adhesion  of 
the  particles  of  water.  This  causes  the  water  which  is 
descending  (in  a  vertical  pipe  for  example)  to  drag  more 
V^i^ter  ^fter  it,  and  thus  greatly  increases  its  velodty.  We 
have  ^^en  an  expmmept  in  which  the  water  issued  from 
the  bottom  of  a  reservcur  through  a  long  vertical  pipe  hay* 
iqg  |i  v€^  geade  taper.  It  was  16  feet  long,  one  inch 
dianiet^r  at  the  u[qper  end,  and  two  inches  at  the  lower. 
The  depth  of  the  water  in  the  reservoir  was  exactly  one 
foot;  in  9  minute  there  were  discharged  S^^  cubdc  fieet  of 
irater.  It  must  therefore  have  issued  through  the  hole  in 
the  bottom  of  the  reservoir  with  the  velodty  of  8,85  feet 
per  second.  And  yet  we  know  that  this  head  of  water 
cpuld  not  make  it  pass  through  the  hole  with  a  velocity 
greater  than  6,66  feet  per  second.  This  increase  mus( 
therefore  have  arisen  from  the  cause  we  have  mentioned, 
apd  is  a  proof  of  the  great  intensity  of  this  force.  We 
dknibt  pot  but  that  the  discharge  might  have  been  much 
more  increased  by  proper  contrivances ;  and  we  know  many 
instances  in  water-pipes  where  this  effect  b  produced  in  a 
yery  great  degree. 

The  following  case  is  very  distinct :  Water  is  brought 
into  the  town  of  Dunbar,  in  the  county  of  £a^  liOthiw, 
from  a  spring  at  the  distance  of  about  3^00  yards.  It  is 
conveyed  along  the  first  1100  yards  in  a  pipe  of  two  inches 
diameter,  and  the  declivity  is  1^  feet  9  inches ;  from  thence 
the  water  flows  in  a  pipe  of  1^  diameter,  wUh  a  declivity  ojf 
44  feet  3  inches,  makmg  in  all  67  feet  When  the  work 
was  carried  as  far  as  the  two-inch  pipe  reached,  the  dia« 
charge  was  found  to  be  ^7  Scotch  pints,  of  103^  cubic 
inches  each  in  a  minute.  When  it  was  brought  into  the 
town,  the  discharge  was  28.  Here  it  is  plain,  that  the 
descent  along  the  second  stretch  of  the  pipe  could  derive  no 
^Qipulsipn  from  the  first    Thia  was  qoly  able  to  supply  27 


I 

I 


Sn^gwd  btia  this.  irtiilliTpilMtty^tlieire^'ibC^^.^^ 

fimn  U' totAbkii  28;  ■' "     •."-'■'  ^  ^  ''-  •  '•  =  *  ^  -*t;ti-*^ 
.  ^  It  tnusttetibwrTed,  tliiit  iP  iiA  fimnah  lie  jM^  llpi 
cut  be  fiD  decfitity  bo  small  tluii'ii  taftiSit  dT'^inaer  lAlA 
takettoemit:   AxA  >etxiriten^/lKife  Imm  been  dMtUFlM 
*k  die  sUtfOde^  a  stream  when tliis  Al  iidrliiq^^  -Hi 
Jt  alio  dMiiikrii^^pt^  with  xe^pMT  t5  any  dedBvily  oC^  IM^ 
torn.    Vet  wa  kncM  that;  fratif^>iittl  hang  bntiieik^pB^ 
kuHiKse  of  a  board  without  prooeedii^  fiuther.     TheeiMi 
tf  dbk  U^  to  be  the  adheiibiiof  the  waiter  'edmWMdNMl 
.  Hi'fiBGWty.-' The  viackfi^  of  a' flaid  present 
wUflk  aauit  baovtaroome  befiiie  any  current  can  lekefleee^' 
'■*  'A  MTies  of  itqportant  experiments  were  made  b^'Oiv  am^ 
tfaiar  %i  Older  to  asoerUdn  the  relation  betweoi  the  vdoioty  St 
the  surface  of  any  stream  and  that  at  the  bottom.    These  ore 
curious  and  valuable  on  many  accounts.     One  circumstsnce 
^  deserves  our  notice  here,  viz.  that  the  difference  between 
Ae  enperficial  and  bottom  velocities  of  any  stream  are  pro- 
portional  to  the  square  roots  of  the  superficial  velocities. 
From  what  has  been  already  said  on  the  gradual  diminu- 
tion of  the  velocities  among  the  adjoining  filaments,  we 
must  conclude  that  the  same  rule  holds  good  with  respect 
to  the  velocity  of  separation  of  two  filaments  immediately 
adjcnning.     Hence  we  learn  that  this  velocity  of  separa- 
.  tion  is  in  all  cases  indefinitely  small,  and  that  we  may,  with- 
out danger  of  any  sensible  error,  suppose  it  a  constant 
quantity  in  all  cases. 

We  think,  with  our  ingenious  author,  that  on  a  review 
of  these  c'uxumstances,  there  is  a  constant  or  invariable  por- 
tion of  the  accelerating  force  employed  in  overcoming  thb 
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weidity  and  produdng  this  mutual  sepanUiOD  of  the  ad- 
jainiDg  filaments.    We  may  express  tlus  part  of  the  aoode- 

1 

rating  force  by  a  part  —  of  that  slope  which  constitutes 

the  whole  of  it  If  it  were  not  employed  in  overcoming 
this  resistance,  it  would  produce  a  ^velocity  which  (on 
account  of  this  resistance)  is  not  produced,   or  is  lost. 

This  would  be     .g'^r  yg-      This   must    therefore  be 

taken  from  the  velocity  exhilHted  by  our  general  for- 
mula.    When  thus  ccHTected,  it   would  become  V  e= 


n 


the  term    X3    '£^^giB  compounded  only  of  constant  quan- 

tities,  we  may  express  it  by  a  nngle  number.  This  has 
been  collected  from  a  scrupulous  attention  to  the  experi- 
ments (especially  in  canals  and  great  bodies  of  water  mov- 
ing with  very  small  vdocities ;  in  which  case  the  effects  of 
visddity  must  become  more  remarkable),  and  it  appears 

that  it  may  be  valued  at     /0,09  inch,  or  0,3  inch,  very 

nearly. 

From  the  whole  of  the  foregoing  conmderations,  drawn 
from  nature,  supported  by  such  reasoning  as  our  most  dis- 
tinct notions  of  the  internal  motions  will  admit,  and  autho- 
rised by  a  very  extensive  comparison  with  experiment,  we 
are  now  m  a  condition  to  conclude  a  complete  formula,  ex- 
pres^ve  of  the  uniform  motion  of  water,  and  involving 
every  drcumstance  which  appears  to  have  any  share  in  the 
operation. 

Therefore  let 

V  represent  the  mean  velocity,  in  inches  per  second^  oi 
any  current  of  water,  running  uniformly,  or  whidi  is  iH 


II  ME  di^  dnataiuliiraf  ihe  ft»**»««*  anraHas  IhiftdiHib 
th^  liuiQenU9r  bciiig  alwajff  unitj ;  i^id  iB  lu^  bj  dirij^M^ 
tkie  cscpanded  length  of  die  pptfOfcfai^id  j^  the'iSii^ 

c^^iaCh^itfitqfitatl^wWffiwitipi,^ ;,,  i. 'i*^ 

body  aoquiitt  bjr  fidling  during  oit^  fKo>^ 
ti  tU  abstxiot  omstwit  nmnber^  dttCennined  llyjr  ca^iel- 

ment  to  be  248,7. 
X  the  hyvntelie  li«[^^ 

prafixeda  and  is  had  by  muldplying  the  ocmimon  Iaguitfa» 

oirdiat  quetotitj  by  8,^026. 
1^  shaH  have  in  every  initaitGe 

•  V  fe^  ?5gi!^^:M— .0,8  i'/i^i) 

^/t-.L.V 9+1,6  — -.  / 

This,  in  numbers,  and  English  measure,  is 
/%^807(v-^-0a)__    3^^ 

-/*— Lv'*+ie 

And  in  French  measure 

The  foUowing  table  contains  the  real  experiments  from 
which  this  formula  was  deduced,  and  the  comparison  of  the 
real  velodlies  with  the  velocities  computed  by  the  fonnubu 
It  consists  of  two  principal  sets  of  experiments.  The  first 
are  those  made  on  the  motion  of  M^ater  in  pipes.  The  se* 
cond  are  experiments  made  on  open  canals  and  rivers.  In 
the  first  set,  column  1st  contains  the  number  of  the  experi- 
ment ;  Sd,  the  length  of  the  tube ;  8d,  the  height  of  tlie 
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reflenroir ;  4th,  the  yalues  of  S,  deduced  from  odiumn  ie» 

condaiid  third ;  fith^  gives  ihe  ohMrvcd  TclfxilEief ;  ud6l)ib 
the  Telocities  calculated  hj  the  formula. 

In  the  second  set,  column  Sd  gives  the  atea  of  the  sec- 
tion of  the  channel;  Sci^  the  border  of  the  canal  or  circum- 
ference  of  ^the  section  3^  ueductu^  the  horusontal  wiau^ 

whidi  sustains  no  fUcticn;  4th,  the  square  nxit  ^^of 
the  hydraulic  mean  depth ;  6tb,  the  denominator  S  of  the 
slope;  6th,  the  ohsenred  mean  ixelocities;  and  7th,  the 
mean  velodties  by  the  formula.  In  the  last  ten  experiments 
on  large  canals  and  a  natural  river  the  6th  column  gives 
the  observed  velocides  at  the  sur&ce. 


Skt  I.«*-^xrEBi]ain8  oh  Fcpss. 


No 


EscperimeniM  hj/  Chevalier  Dx  Buat. 


Lenffth 
Pipe. 


Hdeht 
Reservoir. 


Values 
ofi. 


Velocities 
obienrfd. 


Velocities 
osknUtf^L 


Vertical  Tkibe  f  tfa  Ime  in  Diameter  and 

A/d  =  0,117851. 


ladi. 

Inch. 

Ineb. 

Inch. 

lodi. 

1 

IS 

16,166 

0,75636 

11,704 

18,006 

2  \ 

IS 

13»l3J5 

1  0^9307   . 

9,75a 

10,576 

TerHiaill  Pipe  1|  lMu»  JHamdert  and 
*fl  s=  0,1767716  Inch. 


3 

34,1166 

4 

Do. 

5 

Do. 

6 

Do. 

7 

Do. 

8 

Da 

9 

Do. 

0 

Do. 

49,H6 
S8,S$3 
36,666 
85,333 
14,683 

64MM 

B,29fl 
2,083 


0,9063 
0,9951 
1,0396 
1,0781 
2,5838 
4,10867 
7,036 
17,6378 


46,468 

46,«10 

48,156 

4S,7«l 

42,385 

42,612 

41,614 

41,714 

26,202 

25,523 

21,064 

19,882 

14,642 

14,447 

7,320 

.     2,35 
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Vertkat  Pipe,  3  lines  Diameter,  and  V7^  0,8041£4. 


No. 


11 
IS 
IS 
14 


1^ 

Pipe. 


Inch. 

S6,S5 
Do. 
Do. 
Do. 


Bieicivoir. 


Inch. 

51,2.50 
45,260 
41,916 
38,760 


VlOlIM 


Indi. 
0,86451 
0,96388 
1,03808 


ValoehiH 


Indu 

64,378 
59,605 
57,280 


1,12047  I  54,180 


kndb 

64^945 
60,488 
57,838 
55J8XI 


Same  Pipe  toilh  a  slope  of  iT^q^a: 
15  I  36,25  I  33,500  |   1,29174   |  51,161    |   60,983 


Same  Pipe  horizontal. 


16 

36,25 

15,292 

17 

Da 

8,875 

18 

Do. 

5,292 

19 

Do. 

2,042 

2,7901 
4,76076 
7,89587 
20,01637 


33,378  88,167 
25,430  24,553 
19,940  18,313 
10,620  ,  10,492 


Vertical  Pipe  2/,  Lines  Diameter,  and  ^  d  =  0,245798 


20 

36,26 

63,250 

0,96235 

21 

Do. 

50,250 

1,00642 

22 

Do. 

48,333 

1,0444 

23 

Do. 

48,333 

1 ,0444 

24 

Do. 

47,916 

1,0529 

26 

Da 

44,750 

1,1241 

26 

Do. 

41,250 

1,2157 

85,769 

82,471 

81,646  \ 

79,948  / 

81,027 

76,079 

73,811 


85,201 
82,461 

80,698 

80,318 
77,818 
73,904 


The  same  pipe  wUh  the  slope, .  o/igA 


27  I  36,25  I  87,5     |   1,3323   |  70,82*  |  70,138 
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The  same  Pipe  AarixoniaL 

N<k 

Loagth 
Pipe. 

Hdffht 
RcMrvoir. 

Vduet 
off. 

Vdeddai 

VdoddM 
■  cidculAted. 

Inch. 

..Incb. 

Inch. 

Indi. 

Indh 

28 

36,25 

20,166 

2,4303 

51,956 

50,140 

99 

Do. 

9,063 

5,2686 

83,577 

32,442 

90 

Do. 

7,361 

6,4504 

28,658 

28,801 

31 

Do. 

A 

9,3573 

23,401 

23,195 

32 

Do. 

4,916 

9,5097 

22,989 

22,974 

SS 

Do. 

4,833 

9,6652 

22,679 

22,754 

9* 

Do. 

8,708 

12,4624 

19,587 

19,550 

85 

Do. 

«,713 

16,3135 

16,681 

16,824 

86 

Do. 

2,083 

21,6639 

14,295 

14,008 

37 

Do. 

1,625 

27,5102 

12,680 

12,115 

38 

Do. 

0,833 

52,3427 

7,577 

8,215 

Pipes  sensibbf  horizontal  V  d  =  0,5,  or  1  inch  diameter. 


39 

117 

86 

40 

117 

26,666 

41 

138,5 

20,950 

42 

117 

18 

43 

138,5 

6 

44 

787 

28,7 

45 

Do. 

14,6 

46 

Do. 

13,7 

47 

Do. 

12,32 

48 

Do. 

8,961 
8,96; 

49 

Do. 

50 

Do. 

7,780 

51 

Do. 

6,93 

52 

Do. 

4,2  1 
4,2    J 

53 

Do. 

54 

138,5 

0,7 

55 

737 

0,5 

66 

737 

0,15 

5,6503 

7,48 
10,3215 
10,7880 
33,1962 
83,6658 
54,2634 
67,7772 
64,1573 

87,8679 

101,0809 
132,1617 

186,0087 

267,8868 

1540,76 

5113,42 


84,945 
71,301 
58,808 
58,310 
29,341 

28,669 
21,856 
20,970 
19,991 
16,625 1 
16,284  J 
15,112 
18,315 
10,671) 
10,441  J 
8,689 
8,623 
1,589 


85,524 
72,617 
60,034 
58,472 
29,668 
29,412 
22,056 
21,240 
19,950 

16,548 

15,232 
13,005 

10,656 

8,824 
8,218 
1,647 


EXPEBIUBNTS  BT  TBS  AbBB  BoSSUT. 

Horizontal  pipe  I  intA  diameter  >J~d  =  0,5. 


67 
58 


600 
600 


12 

4 


54,6966 
161,312 


22,282 
12,228 


21,975 
11,766 
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Harizonial pipe  \\  vnA  dUmtUr  '^  d  =  0,6T74. 


^ 


Na 

Lenrthof 
IV. 

HeiKhtof 
Ihnerrnir. 

Incb. 

loch. 

£9 

860 

24 

60 

720 

24 

61 

860 

18 

62 

1080 

24 

63 

1440 

24 

64 

720 

12 

65 

1800 

24 

66 

2160 

24 

67 

1080 

12 

66 

1440 

12 

69 

1800 

12 

70 

2160 

12 

Values  of  #. 


loch. 

19,0781 

88,6166 

37,0828 

48,3542 

63,1806 

66,3020 

78,0532 

92,9*74 

95,8756 

125,6007 

155,4015 

185,2487 


Vdodties 


loch.  ~ 

48,534 
84,478 
33,160 
28,075 
94,004 
23,360 
21,832 
18,896 
18,948 
16,128 
14,066 
12,560 


— Bar" 
49,515 

35,130 
38,106 
28,211 
24^0«3 
23y34« 
21.182 
19,096 
18,749 
15,991 

IV '^ 
12,760 


Horizontal  pipe  2,01  inch  diameter  -J  d  =  0,708946. 

58,803 
43,196 

39,587 
9SfiSB 

sao96 

28,796 
26,639 
24,079 
23,400 
20,076 
17,788 
16,097 

Ma  Coupl£t''s  Experiments  at  Veksailles. 

Pipe  5  inches  diameter  'J  d=  1,11803. 

5,287 
5,166 
4,807 
4,225 
3,388 
2,254 

Pipe  18  inches  diameter  V  J  :;=  2,12132 
99  \  43200  {  145,083 1    304,973  |  39,159    |  40,510 


71 

360 

24 

72 

720 

24 

73 

360 

12 

74 

1080 

24 

76 

1440 

24 

76 

720 

12 

77 

1800 

24 

78 

2160 

24 

79 

1080 

12 

80 

1440 

12 

81 

1800 

12 

82 

2160 

12 

21,4709 

58,903 

35,8083 

43, 

41,2759 

40,322 

50,4119 

35,765 

65,1448 

30,896 

70,1426 

29,215 

79,8487 

27,470 

9*,7901 

27,731 

99,4979 

23,806 

129,0727 

20,707 

158,7512 

18,30* 

188,5179 

16,377 

83 

84210 

25 

84 

Do. 

24 

85 

Do. 

21,083 

86 

Do. 

16,750 

87 

Do. 

11,333 

88 

Do. 

6,583 

3378,26 

5,3^3 

3518,98 

5,213 

4005,66 

4,806 

5041,61 

4,127 

7450,42 

3,154 

15119,96 

2,011 
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SRT  II. — EltPBftllUllT8  WITH  A  WoODUf  CaKAL. 

1      I  v.l™.  I    ""»      tMMnVe. 


100 
101 
lOli 
lOS 
104 
105 
lOS 


107 
108 
109 
110 
111 
112 
113 
114 
115 


Ind). 
18,84 
60,60 
83,43 

39,86 
50,44 
56,43 
98,74 
100,7* 
1 19,56 
126,20 
130,71 
135,32 
20,83 
84i87 
86,77 
4£,01 


Incb. 

ncdum  Ca 
iBdi. 

mil 
Inch. 

Indi. 

13,06 

1,20107 

212 

27,51 

«9,60 

1,3096 

212 

28,92 

26, 

1,7913 

412 

27,14 

15,31 

1,3329 

427 

18,28 

18,13 

1,4734 

427 

20,30 

2(1,37 

1,5736 

427 

22,37 

21,60 

1,6201 

427 

23,64 

1!S,86 

1,8696 

432 

28,29 

«8,5<i 

1,8791 

432 

28,62 

31,06 

1,0622 

432 

30,16 

31,91 

1,9887 

432 

31,58 

32,47 

2,0064 

432 

31,89 

33,03 

2,0241 

432 

32,62 

13,62 

1,2367 

1728 

8,94 

17, 

1,4219 

1728 

9,71 

17,56 

1,4471 

1728 

11,46 

16,69 

1,4992 

1728 

12,34 

Bectangalar  CtmaL 


«4,50 

21,25 

1,27418 

468 

20,24 

86,25 

27,26 

1,77908 

458 

28,29 

34.50 

21,26 

1,27418 

929 

13,56 

36,22 

21,33 

1,28499 

1412 

9,20 

51,75 

23,26 

1,49191 

1412 

12,10 

7«,19 

26,08 

1,70921 

1412 

14,17 

106,78 

29,17 

1,90427 

1412 

15,55 

69, 

26,26 

1,65308 

9268 

4,69 

155,25 

35,26 

2,09868 

9288 

6,70 

27,19 
29,88 
28,65 
20,39 
22,71 
24,37 
25,14 
29,08 


31,03 
31,32 
31,61 
8,58 
9,98 
10,17 
10,69 


18,66 
26,69 
12,58 
10,01 
11,76 
13,69 
15,24 
4,56 
6,86 


8kt  III.— 'ExrxRiMBMTB  OK  THE  Canal  op  Jaab.  . 
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116 
117 
118 
119 
120 
121 


16252 
11906 
16476 
7868 
7376 
6126 


5,70320 
5,39« 
4,8074 
4,6784 
4,8476 


11620 
16360 
21827 
27648 
117648 


17,42 
12,17 
16,74 
9,61 
7,79 
7,27 


18,77 
14,62 
11,61 
8,38 
7,0T 
6,66 
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Eseperimenis  on  the  River  Haine. 


No, 

Section  of 
RiTcr. 

Border 
ofRrrer. 

Vilue* 

Valuef 
of*. 

VdoatjU 
Smftee. 

(■MM) 

ISS 
128 
124 
125 

31498 
38888 
30906 
39639 

569 

601 
568 
604 

7,48974 
8,03879 
7,37682 
8,10108 

6048 

6413 

82951 

35728 

35,11 
31,77 

13,61 
15,96 

27,68 
28,76 
10,08 

i<y» 

This  comparison  must  be  acknowledged  to  be  most  n- 
tisfactory,  and  shows  the  great  penetration  and  address  of 
the  author,  in  so  successfully  sifting  and  appreciating  the 
share  which  each  co-operating  circumstance  has  had  in  pcD^ 
ducing  the  very  intricate  and  complicated  effect.     It  adds 
some  weight  to  the  principles  on  which  he  has  proceeded  in 
this  analysis  of  the  mechanism  of  hydraulic  motion,  and 
must  give  us  great  confidence  in  a  theory  so  fairly  esta- 
blished on  a  very  copious  induction.     The  author  ofiers  it 
only  as  a  rational  and  well-founded  probability.    To  this 
character  it  is  certainly  endtled ;  for  the  suppositions  made 
in  it  are  agreeable  to  the  most  distinct  notions  we  can  form 
of  these  internal  motions.     And  it  must  always  be  remem- 
bered, that  the  investigation  of  the  formula,  although  it  be 
rendered  somewhat  more  perspicuous  by  thus  having  re- 
course to  those  notions,  has  no  de{)endence  on  the  truth  of 
the  principles.     For  it  is,  in  fact,  nothing  but  a  classifica- 
tion of  experiments,  which  are  grouped  together  by  some 
one  circumstance  of  slope,  velocity,  form  of  section,  &c. 
in  order  to  discover  the  law  of  the  changes  which  are  in- 
duced by  a  variation  of  the  circumstances  which  do  not  re- 
semble.    The  procedure  was  precisely  similar  to  that  of  the 
astronomer  when  he  deduces  the  elements  of  an  orbit  from 
a  multitude  of  observations.     This  was  the  task  of  M.  de 
Buat ;  and  he  candidly  and  modestly  informs  us,  that  the 
finding  out  analytical  forms  of  expression  which  would  ex- 
hibit these  changes  was  the  work  of  Mr  Benzech  de  St  Ho 
nor^9  a  young  officer  of  engineers,  and  his  colleague  in  the 
experimental  course,    li  Aoe^Vvowovvt  vq  Vvs*  %k\U  and  ad- 
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drefls ;  and  we  think  the  whole  both  a  pretty  and  instruc- 
tive q>ecim»i  of  the  method  of  discovering  the  hiws  of  na- 
ture in  the  midst  of  complicated  phenomena.  Daniel  Ber- 
Jttulli  first  gave  the  rules  of  this  method,  and  they  have 
been  greatly  improved  by  Lambert,  Condorcet,  and  De  la 
Grange.  Mr  Coulomb  has  given  some  excellent  examples 
of  th^  a;pplication  to  the  discovery  of  the  laws  of  friction, 
of  magnedcal  and  electrical  attraction,  &c  But  this  pre- 
sent work  is  the  most  perspicuous  and  familiar  of  them  all. 
It  is  the  empirical  method  of  generalizing  naturfd  pheno- 
m€»ia,  and  of  deducing  general  rules,  of  which  we  can  give 
no  other  demonstration  but  that  they  are  faithful  represen- 
tations of  matters  of  fact  We  hope  that  others,  encou- 
raged by  the  success  of  M.  de  Buat,  will  follow  this  ex- 
ample, where  public  utility  is  preferred  to  a  display  of  ma- 
thematical knowledge. 

Although  the  author  may  not  have  hit  upon  the  preose 
modus  operan^f  we  agree  with  him  in  thinking  that  na- 
ture seems  to  act  in  a  way  not  unlike  what  is  here  supposedf. 
At  any  rate,  the  range  of  experiments  is  so  extensive,  and 
so  mulUfarious,  that  few  cases  can  occur  which  are  not  in- 
cluded among  them.  The  experiments  will  always  retain 
thdr  value  (as  we  presume  that  they  are  futhfully  narrat- 
ed), whatever  may  become  of  the  theory ;  and  we  are  con- 
fident that  the  formula  will  give  an  answer  to  any  question 
to  which  it  may  be  applicable  infinitely  preferable  to  the 
vague  guess  of  the  most  sagacnous  and  experienced  engineer. 

We  must  however  observe,  that  as  the  experiments  on 
pipes  were  all  made  with  scrupulous  care  in  the  conlarivanbe 
and  execution  of  the  apparatus,  excepting  only  those  of  Mr 
Couplet  on  the  main  pipes  at  Versailles,  we  may  presume, 
that  the  formula  ^ves  the  greatest  velodties  iMch  can  be 
expected.  In  ordinary  works,  where  jmnts  are  rough  or 
leaky,  where  drops  of  sold^  bang  in  the  inside,  where  cocks 
intervene  with  d^cient  water-ways,  where  pipes  hkve  awk- 
ward bendings,  contractions,  or  enlargements^  snd  ^'iAsma 
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they  may  oontain  aand  or  lur,  wefltwuldxedbimoiim  ttnttv 
▼docaty  than  what  resulu  from  our  cakuktion ;  and^wejM^ 
sume  that  an  undertaker  may  with  confidcooe  jJtumiie  f  «f 
this  quantity  without  any  litk  of  dimppointing;  hit  «M- 
ployer.  We  imagine  that  the  actual  performanoe  of  oauii 
will  be  much  nearer  to  the  formula. 

We  have  made  inquiry  after  works  of  this  kind  exeeuted 
in  Britain,  that  we  might  compare  them  with  the  fermuhu 
But  all  our  canak  are  locked  and  without  motion ;  and  im 
have  only  learned  by  an  accidental  infixmation  flom  Mr 
Watt,  that  a  canal  in  his  neighbourhood,  which  is  18  ftfft 
wide  at  the  surface,  and  seven  fiset  at  the  bottom,  and  four 
feet  deep,  and  has  a  slope  of  one  inch  in  a  quarter  ef  a 
mile,  runs  with  the  velodty  of  17  inches  per  second  at  the 
surface,  10  at  the  bottom,  and  14  in  the  middle.  If  wfc 
compute  the  motion  of  this  canal  by  our  formula^  we  shall 
find  the  mean  velodty  to  be  18}. 

No  river  in  the  world  has  had  its  motions  so  murii  sem- 
tinized  as  the  Po  about  the  end  of  the  last  century.  It  had 
been  a  subject  of  100  years  continual  litigation  between  the 
inhalntants  of  die  Bolognese  and  the  Ferrarese,  whether 
the  waters  of  the  Rheno  should  be  thrown  into  the  Troneo 
de  Venezia  or  Po  Grande.  This  occasioned  very  numerous 
measures  to  be  taken  of  its  sections  and  declivity,  and  th^ 
quantities  of  water  which  it  contained  in  its  difiWent  states  of 
fulness.  But,  unfortunately,  the  long-established  methods  of 
measuring  waters,  which  were  in  force  in  Lombardy,madeno 
account  of  the  velocity,  and  not  all  the  entreaties  of  Castelli, 
Grandi,  and  other  moderns,  could  prevail  on  the  viators  in 
this  process  to  deviate  from  the  established  methods.  We 
have  therefore  no  minute  accounts  of  its  velodty,  though 
there  are  many  rough  estimates  to  be  met  with  in  that  va- 
luable collection  published  at  Florence  in  17^3,  of  the 
writings  on  the  motion  of  rivers.  From  them  we  have  en- 
tX9xkBdiheimIg precise  cbieroaikms  which  are  to  be  found 
in  the  whole  work. 
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The  Po  Oiande  receites  no  ri^er  fhxn  Stellata  to  the 
sea,  and  its  slope  in  that  interval  is  found  most  siiipristngly 
uniform,  namdj,  six  lAches  in  the  mile  (reduced  to  Ehg. 
lish  measure).  The  breadth  in  its  great  freshes  is  759  ieet 
at  Lago  Scuro,  with  a  very  uniform  depth  of  81  feet  In 
its  lowest  state  (in  which  it  is  called  Po  Magra)y  its  breadlth 
is  not  less  than  700,  and  its  depth  about  10^. 

The  Rheno  has  a  uniform  declivity  from  the  Ponte 
Emilio  to  Vigarano  of  16  inches  per  mile.  Its  breadth  in 
its  greatest  freshes  is  189  feet,  and  its  depth  9. 

Signor  Corrade,  in  his  report,  says,  that  in  the  state  of 
the  great  freshes  the  velocity  of  the  Rheno  is  wMSt  ex- 
actly f  of  that  of  the  Po. 

Grandi  says,  that  a  great  fresh  in  the  Rheno  employs  12 
hours  (by  many  observations  of  his  own)-  to  coine  from 
Ponte  Emilio  to  Vigarano,  which  is  30  mfles.  This  b  a 
velocity  of  44  inches  per  second.  And,  by  Corrade^s  pro- 
portion,, the  vekxnty  of  the  Po  Grande  must  be  SS  inches 
per  second. 

Montanari^s  observation  gives  the  Po  Magra  a  velocity 
of  81  inches  per  second. 

Let  us  ^ompAre  these  velodties  with  the  velocities  calcu- 
lated by  Buat^s  formula. 

The  hydraulic  mean  dqiths  d  and  D  of  the  Rheno  and 
Po  in  the  great  freshes  deduced  from  the  above  measures, 
are^  98,6  and  844  inches ;  and  their  slopes  s  and  S  a^ 

1         J      1  n..'        11     •        307  (^^Tu-0,l)        ^    . 

ihz  and  j^l^^.    This  wiU  give,  -p^_^=^^=_o,3 

(V15_0,l)==62,176  inches  and    ^  ^"^  ^'^^      0,8 


( V  d  —  0,1)  =  46,727  mches. 

These  results  difiPer  very  little  from  the  velodties  above- 
menUoned.     And  if  the  velodty  corresponding  to  a  depth  * 
of  31  feet  be  deduced  from  that  observed  by  Montanari  in 
the  Po  Magra  10  feet  deep,  on  the  suppogition  that  ibey 
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are  in  the  proportion  cS  J  dj  it  will  be  found  to  be  about 
534  inches  per  second. 

Thb  comparison  is  therefore  highly  to  the  credit  of  the 
theory,  and  would  have  been  very  agreeable  to  M.  de 
Buat,  had  he  known  it, 'as  we  hope  it  is  to  our  readers. 

We  have  collected  many  accounts  of  water-ppes,  and 
made  the  comparisons,  and  we  flatter  ourselves  that  these 
have  enabled  us  to  improve  the  theory.  They  shall  ajqiear 
in  their  proper  place ;  and  we  may  just  observe  here,  that 
the  two-inch  ppe,  which  we  formerly  spoke  of  as  convey- 
ing the  water  to  Dunbar,  should  have  yielded  only  S5| 
Scotch  pints  per  minute  by  the  formula,  instead  of  87 ;  a 
small  error. 

We  have,  therefore,  no  hesitation  in  saying,  that  this 
nngle  formula  of  the  uniform  motion  of  water  is  one  of  the 
most  valuable  presents  which  natural  science  and  the  arts 
have  received  during  the  course  of  this  century. 

We  hoped  to  have  made  this  fortunate  investigation  of  the 
chevalier  de  Buat  still  more  acceptable  to  our  readers 
by  another  table,  which   should   contain   the   values  of 

307 
-7== 1 ^  ready  calculated  for  every  declivity  that 

can  occur  in  water-pipes,  canals,  or  rivers.  Aided  by  this, 
which  supersedes  the  only  difficult  part  of  the  computation, 
a  person  could  calculate  the  velocity  for  any  proposed  case 
in  less  than  two  minutes.  But  we  have  not  been  able  to 
get  it  ready  for  its  appearance  in  this  article,  but  we  shall 
not  fail  to  give  it  when  we  resume  the  subject  in  the  article 
Water-Wobks  ;  and  we  hope  even  to  give  its  results  on 
a  scale  which  may  be  carried  in  the  pocket,  and  will  enable 
the  unlearned  practitioner  to  solve  any  question  with  accu- 
racy in  half  a  minute. 

We  have  now  established  in  some  measure  a  Theory 
OF  Hydraulics,  by  exhibiting  a  general  theorem  which 
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expresses  the  relation  of  the  chief  circumstances  of  all  such 
motions  as  have  attained  a  state  of  permanencyi  in  so  £ur 
9B  this  .depends  on  the  magnitude^  form,  and  slope  of  the 
channel.  This  permanency  we  have  expressed  by  the  tdm 
TBAiN,  saying,  that  the  stream  is  in  train,, 

We  proceed  to  connder  the  subordinate  circumstances 
contained  in  this  theorep ;  such  as,,  1«#,  The  forms  which 
nature  or  art  may  give  to  the  bed  of  a  running  stream, 
and  the  manner  of  expressing  this  form  in  our  theorem. 
2dj  The  gradations  of  the  velocity,  by  which  it  decreases 
in  the  different  filaments,  from  the  axis  or  most  rapid  fila- 
ment to  the  border ;  and  the  connexion  of  this  with  the 
mean  velocity,  which  is  expressed  by  our  formula.  Sd^ 
Having  acquired  some  distinct  notions  of  this,  we  shall  be 
able  to  see  the  manner  in  which  undisturbed  nature  works 
in  forming  the  beds  of  our  rivers,  the  forms  which  slie  a£> 
fects,  and  which  we  must  imitate  in  all  their  local  modifi- 
cations, if  we  would  secure  that  permanency  which  is  the 
evident  aim  of  all  her  operations.  We  shall  here  learn  the 
mutual  action  of  the  current  and  its  bed,  and  the  circum- 
stances  which  ensure  the  stability  of  both.  These  we  may 
call  the  regimen  or  the  conservation  of  the  stream,  and  may 
say  that  it  is  in  regimen,  or  in  conservation.  This  has  a 
relation,  not  to  the  dimensions  and  the  slope  alone,  or  to 
the  accelerating  force  and  the  resistance  arising  fh>m  mere 
inertia ;  it  respects  immediately  the  tenacity  of  the  bed, 
and  is  different  from  the  train. 

4sthj  These  pieces  of  information  will  explain  the  devia- 
tion of  rivers  from  the  rectilineal  course ;  the  resistance  oc- 
casioned by  these  deviations;  and  the  circumstances  on 
which  the  regimen  of  a  winding  stream  dq)ends. 

Sect.  L-^Cfihe  Forms  of  the  Channel 
The  numerator  of  the  fraction  which  expresses  the  ve- 
locity of  a  river  in  train  has  V  d  for  one  of  its  factors.  That 
form,  therefore,  is  most  favourable  to  the  motion,  which 
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gives  the  greatest  value  to  what  we  have  called  the  hy- 
draulic mean  depth  cL  This  is  the  prerogative  of  the  se- 
micircle, and  here  d  is  equal  to  half  the  radius ;  and  all 
other  figures  oi  the  same  area  are  the  mc»:e  ftvouiaUe^  as 
they  approach  nearer  to  a  semicircle.  This  ia  the  fonii» 
therefore,  of  all  conduit-pipes,  and  should  be  taken  fixr 
aqueducts  which  are  built  of  masonry.  Ease  and  aoeuiacy 
of  execution,  however,  have  made  en^eers  prefer  a  lecU 
angular  form ;  but  nieither  of  these  will  do  for  a  dbannd 
formed  out  of  the  ground.  We  shall  soon  see  that  the  se- 
micircle is  incompatible  with  a  regimen ;  and,  if  we  pro* 
oeed  through  the  regular  polygons,  we  shall  find  that  the 
half  hexagon  is  the  only  one  which  has  any  pretensons  to 
a  re^men ;  yet  experience  shows  us,  that  even  its  banks 
are  too  steep  for  almost  any  soil.  A  dry  earthen  bank,  not 
bound  together  by  grass  roots,  will  hardly  stand  with  a 
slope  of  45  degrees ;  and  a  canal  whidi  conveys  runniDg 
waters  will  not  stand  with  this  slope.  Banks  whose  base  is 
to  their  height  as  four  to  three  will  stand  very  well  in  moist 
soils,  and  this  is  a  slope  very  usually  given.-  This  form  is 
even  affected  in  the  spontaneous  operations  of  nature,  in 
the  channels  which  she  digs  for  the  rills  and  rivulets  in  the 
higher  and  steeper  grounds. 

This  form  has  some  mathematical  and  mechanical  pro- 
perties which  entitle  it  to  some  further  notice.  Let  ABEC 
(Fig.  12.)  be  such  a  trapezium,  and  AHGC  the  rectangle 
of  equal  width  and  depth.  Bisect  HB  and  EG  by  the 
verticals  FD  and  KI,  and  draw  the  verticals  6  B,  ^  E.  Be- 
cause AH  :  HB  =«=  3  :  4,  we  have  AB  =  5,  and  BD  =  2, 
and  FD  =  3,  and  BD  +  DF  =  BA.  From  these  premises 
it  follows,  that  the  trapezium  ABEC  has  the  same  area 
with  the  rectangle ;  for  HB  being  bisected  in  D,  the  tri- 
angles ACF,  BCD  are  equal.  Also  the  border  ABEC, 
which  is  touched  by  the  passing  stream,  is  equal  to  FDIK. 
Therefore  the  mean  depth,  which  is  the  quotient  of  the 
area  divided  by  the  border,  is  the  same  in  both  ;  and  this 
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is  the  case,  whatever  is  the  width  BE  at  the  bottom,  or 
even  though  there  be  no  rectangle  such  as  ft  B  £  ^  inter- 
posed between  the  slant  odes. 

Of  all  rectangles,  that  whose  breadth  b  twice  the  height^ 
or  which  is  half  of  a  square,  gives  the  greatest  mean  depth.  ^ 
If,  ther^GMc,  FE  be  double  of  FD,  the  trapezium  ABEC» 
which  has  the  same  area^  will  have  the  largest  mean  depth 
of  any  such  trapeaum,  and  will  be  the  best  form  of  a  chan- 
nel fcr  conveying  running  waters.  In  this  case,  we  have 
AC  =s  10,  AH  =3,  and  BE  =  2.  Or  we  may  say  that  . 
the  best  form  is  a  trapezium,  whose  bottom  width  is  }  of  ' 
the  depth,  and  whose  extr^e  width  is  V*  ^^  ^'^^^^  ap- 
proaches very  near  to  that  which  the  torrents  in  the  hiUs 
naturally  dig  f<Nr  themselves  in  uniform  ground,  whane 
their  action  is  not  checked  by  stones  which  they  lay  barep 
or  which  they  dqx)6it  in  their  course.  This  shows  us,  and 
it  will  be  fully  confirmed  by  and  by,  that  the  channel  of  a 
river  is  not  a  fortuitous  thing,  but  has  a  relation  to  the 
conastency  of  the- soil  and  velocity  of  the  stream. 

A  rectangle,  whose  breadth  is  J  of  the  depth  of  water, 
will  therefore  have  the  same  mean  depth  with  a  triangle 
whose  surface  wide  is  |  of  its  vertical  depth ;  for  this  is  the 
dimensions  when  the  rectangle  6  B  E  e  is  taken  away. 

Let  A  be  the  area  of  the  section  of  any  channel,  w 
its  width  (when  rectangular),  and  h  its  depth  of  water. 
Then  what  we  have  called  its  mean  depth,  or  i/,  will  be 

in:in^  =  ^+Wh'  Or  if  5  expresses  the  ratio  of  the 
width  to  the  depth  of  a  rectangular  bed;  that  is,  if 
q  =  — ,  we  have  a  very  simple  and  ready  expresnon  for 

the  mean  depth,  dther  from  the  width  at  depth.     For 
w  J        qh 

Therefore,  if  the  depth  were  infinite,  and  the  width 

MM 

finite,  we  should  have  d  =  —  >   or  if  the  width  be  infi- 


mte^andUie^fepdilfaiit^iveliftveii'B'A.  And^ttmnt 
the  limits  of  the  values  of  d;  and  thereibce,  in  riven  whose 
width  ii  always  great  in  oompaiison  of  the  deptli»  we  ma^ 
inthout  much  etior  take  their  real  dqpthfiv  their  hydmific 
asflMi  depths  Henoa  we  derive  a  rule  of  eaqr  recplleetipB» 
and  wludi  will  at  all  times  pve  us  a  veiy  near  esrimaftt  ti 
thavekidl^andei|ien8e4ifAhmmngati8am9.irik  that  Hi 
vdocitie0iurne(n^a»ihe$qmr$rooi9ofihfdqMi.  Wo 
find  thb  cotttrmed  by  many  eapeiiments  of  MidiefcittL     . 

Also^  when  we  aie  allowed  to  suppose  thb  ratio  of  tfas 
vdbcities  and  depths,  that  is,  in  a  rectangular  canal  of 
great  breadth  and  small  depths  we  shall  have  ihe  quantities 
dischaii^  nearly  in  the  proportioo  of  the  cubes  of  the  vds*  * 
eitS^  'fior  die  ^piantity  disdiaiged  d  is  as  the  velod^ 
and  area  joindy,  that  is,  as  the  height  and  vdodty  jointly 
becauee  when  the  width  is  the  same,  the  area  is  aa  the 
height  Therefore,  we  have  d  =  h  o.~But»  by  the 
above  remark,  ;i  4=  o*.  Therefore^  d^^v*;  anddaiii 
oonfirmed  by  the  experiments  of  Bossut,  voL  ii.  SMiP— 
Also,  because  disasv  hj  when  w  is  constant,  and  by  the 
above  remark  (allowable  when  w  is  very  great  in  propor- 
tion to^A)  V is  as  ^  A,  we  have  d ash  ^  h^  or  AJ,  or  the 
squares  of  the  discharges  proportional  to  the  cubes  of  the 
heights  in  rectangular  beds,  and  in  their  correspondiDg 
trapeadums. 

1.  Knowing  the  mean  depth  and  the  proportion  of 
the  width  and  real  depth,  we  can  determine  the  dimen- 
sions of  die  bed,  and  we  have  w  =  qd  +  2dy  and  A  =  d 

id 

S.  If  we  kakm  the  area  and  mean  depth,  we  can  in 
Bke  manner  find  the  dimensions,  that  is,  w  and  hi  for 

A  =  w  A,  ond  d  = —^;;;Tr ;  therefore  w  =  —  ^g — 2  A 
^'  A 

5.    If  d  be  known,  and  one  of   the  dimensions  be 
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given,  we  can  find  the  other ;   for  d  =  — r-s-r  flJvtt 

*  *  ^   ««^  L  w  d 

w=  z — -J  and  A  = --. 

h — a  w— 2rf 

4.  If  the  velocity  V  and  flie  dope  S  for  a  river  m 
train  be  given,  we  can  find  the  mean  depth ;  for  V  = 

(297  ^ 

JsZE;^^- 0^;  (  VX- 0.1).    Whence  we  d^ 

V 

duce  V  rf  —  0,1  = — » and 

VS— WS+1,6|~°»* 
*J  d  =to  this  quantity  +  0, 1. 

5.  We  can  deduce  the  dope  which  will  put  in  train 
a  river  whose  channel  has  jpiven  dimensions.    We  make 

297  ( j"S— 0.  1)  c  r«,  .         .         1  ,    .^ 

V  +  0,3(Vd-0TT)=  ^  ^-  ^^^  *^"'^  be  =  V  S 
— L  V  S  +  1,  6,  which  we  correct  by  trials,  which  will  be 
exemplified  when  we  apply  these  doctrines  to  practice. 

Having  thus  established  the  relation  between  the  dif- 
ferent circumstances  of  the  form  of  the  channel  to  our  ge- 
neral formula,  we  proceed  to  consider, 

Sect.  iL—The  Gradations  qf  Velocity Jrom  the  Middle  of 

the  Stream  to  the  Sides. 

The  knowledge  of  this  is  necessary  for  understanding 
the  re^men  of  a  river ;  for  it  is  the  velocity  of  the  filaments 
in  contact  with  the  bed  which  produces  any  change  in  it, 
and  occasions  any  preference  of  one  to  another,  in  respect 
of  re^men  or  stability.  Did  these  circumstances  not  ope- 
rate, the  water,  true  to  the  laws  of  hydrai)|ics,  and  confined 
within  the  bounds  which  have  been  assigned  them,  would 
neither  enlarge  nor  diminish  the  area  of  the  channel.  But 
this  is  all  that  we  can  promise  of  waters  perfectly  clear, 
running  in  pipes  or  hewn  chaniiels.  But  rivers,  brooks, 
and  smaller  streams,  carry  along  waters  loaded  with  mud 


\ 


or  sand,  irhich  they  depodte  wherever  their  velocky  m 
^diecked ;  ipd  they  tear  up,  an  the  other  hand,  ^'mtt^ 
rials  of  the  channel  wherever  their  velocity  ia  anflfcamtly 
'great    Nature^  indeed,  aims  qopriniiany  at  aa  rqiMlibriiBB, 
pid  worki  intfiout  cetmng  to  perpetuate  her  om  psioni- 
Moes,  by  cMaUisbing  aa  eq^iafity  of  aodw  cqd  iMi^ 
and  propordcnung  the  forms,  and  direction  of  die  modaif 
toliier  agents,  and  to  locd  cbedmstanoaai    Her.woriLii 
dow  biit  unoeaaing ;  and  what  she  cannot  aooon^ilishift^ 
year  she  will  do  in  a  cei|tury«  The  beds  of  our  liverB  htfw 
aoqiured  sdase  stajbilify,  beoiyie  they  are  the  labour  ef 
i^es ;  and  it  is.  to  time  thift  ^  owe  those  de^  and  iridf 
vaD^  wUch  |!eodve  ^nd  confine  our  rivers  in  cbannfl% . 
which  arp  now  consolidated^  ai|d  with  slopes  vfhich  ham 
been  gradually  moderated,  so  that  thq^  no  logger  either 
m^g^iJfu^  Iphitatiom  cr  oqprfbiuid  <Mir  boiindarieit    Alt 
may  imitate  nature,  and  by  directing  her  operatioiia  (wUdh 
she  sdll  carries  on  accord^  to  her  own  imprei|qd|ilibb, 
]|iws)  according  to  our  view%  we  ean  hasten  her  pngptth 
and  accomplish  our  purpose,  during  the  short  poiod  of 
human  life.     But  we  can  do  this  only  by  studying  the  un- 
alterable laws  of  mechanism.     These  are  presented  to  us 
by  spontaneous  nature-     Frequently  we  remain  ignorant  of 
their  foundation  :  but  it  is  not  necessary  for  the  prosperity 
of  the  subject  that  he  have  the  talents  of  tlie  senates* ;  he 
can  profit  by  the  statute  without  understanding  its  grounds. 
Jt  is  so  in  the  present  instance.     We  have  not  as  yet  been 
able  to  infer  the  law  of  retardation  observed  in  the  fila- 
ments of  a  running  stream  from  any  sound  medianical 
principle.     The  problem,  however,  does  not  appear  beyond 
our  powers,  if  we  assume,  with  Sir  Isaac  Newton,  that  the 
velocity  of  any  particular  filament  is  the  arithmetical  mean 
between  those  of  the  filaments  immediately  adjoining.    We 
may  be  assured,  that  the  filament  in  the  axis^of  an  inclined 
cylindrical  tube,  of  which  the  current  is  in  train,  moves  the 
fastest,  and  that  all  those  in  the  ^amc  ciraimference  round 
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it  are  sieving  with  one  velocity,  and  that  the  slovrept  are 
those  which  glide  along  the  jnpe.  We  may  9lKfV^  th^ 
same  thing  of  the  motions  in  a  semincylindrical  iacluied 
channel  conveying  an  apea  stream.  But  even  ip  tb^se  we 
have  not  yet  demonstrated  the  ratio  between  the  e:Ktreme 
velocities,  nor  in  the  different  circles.  Thip  mi|st  b^  decided 
experimentally. 

And  here  we  are  uqder  great  dbhgaticHUf  to  M.  de  Buat 
He  has  compared  the  velodty  in  the  aids  of  a  piodi^ous 
number  and  variety  of  streams,  di£fering  in  size,  form, 
slope,  and  velocity,  and  has  computed  in  them  all  the  mean 
velodty,  by  measuring  the  quantities  of  water  discharged 
in  a  given  time.  His  method  of  measuring  the  bottom  ve- 
locity was  luidple  and  just.  He  threw  in  a  gooseberry,  as 
nearly  as  possible,  of  the  same  specific  gravity  with  the 
water.  It  was  carried  along  the  bottom  almost  without 
touching  it    See  Resistance  of  Fluids  in  this  volume. 

He  discovered  the  following  laws :  1.  In  small  velod^ 
ties  the  velocity  in  the  axis  is  to  that  at  the  bottom  in  a  ra« 
tio  of  con^derable  inequality.  9.  This  ratio  diminishes 
as  the  velodty  increases,  and  in  very  great  velocities,  ap- 
proaches to  the  ratio  of  equaHty.  8.  What  was  most  re- 
markable was,  that  neither  the  magnitude  of  the  channel^ 
nor  its  slope,  had  any  influence  on  chang^g  this  prc^r- 
tion,  while  the  mean  velocity  remained  the  same.  Nay, 
though  the  stream  ran  on  a  channel  covered  with  pebbles 
or  coarse  sand,  no  difference  worth  minding  was  to  be  ob» 
served  from  the  velocity  over  a  polished  channel  4.  And 
if  the  velocity  in  the  axis  is  constant,  the  velocity  at  the 
bottom  is  also  constant,  and  is  not  affected  by  the  depth  of 
water  or  magnitude  of  the  stream.  In  some  experiments 
the  depth  was  thrice  the  width,  and  in  others  the  width 
was  thrice  the  depth.  This  changed  the  proportion  of  the 
magnitude  of  the  section  to  the  magnitude  of  the  rubbing 
part,  but  made  no  change  on  the  ratio  of  the  velocities. 
This  is  a  thing  whiefa  no  theory  could  point  out 


4Ml  ^iUBfMf  ov  MliflBMiJ 

Aikkher  most  miporUuit  fiKi  ms  aliO*dMitwtilt€ifkii 
obeervatkHi,  vb.  that  Af  nwan  odMly  im  mjf'pip^  nttfm 
Sit6&ti$  %$  fh$  otvUiK^tttcol  hmou  MArrku  Iwp  niw^if  w  Af 
ATif  Md  llk^  MfceJIy  al  Mtf  iid8$cfapipe  arbaUomtfm 
cpmsirmm.  We hnwe wlkeadj dbmrfed^ Aatlhi 
Ae  TdoGiTf  in  Ui»  axii  to  tbe  rdoaty  at  tb  botlBni:dW» 
Uflhed  as  tbe  mean  rdoAlj  inereaaed.  Tina  wmi&Mk 
mm  enaUed  to  esqanem  in  a  Teiy  rimple  maaiiery  ad attp 
be  eanly  remembered,  and  to  enable  us  to  tell  anj  bneif 
tbem  bj  bbaerving  another. 

mbeUjff  uppreiaed  in  imthesy  Ae  squmre  ^Ae  rtmamitri§ 

the  velociijf  aiihe  boUom ;  mtd  the  mean  veheUgfiatikh^ 

mm^ihueiwo.    Thu%  if  the  velocitf  in  dbe  middk  of 

the  stteam  be  25  inches  per  seoond,  its  square  looi  is  fiie; 

fiom  which,  if  we  take  unity,  there  remains  four*    Hie 

square  of  tins,  or  16,  i^  the  vdodty  at  the  botlaB,anii 

*6  +  l«       «^,   .    , 

— 5 — ,  or  SOi^  18  the  mean  veloaty. 

This  is  a  very  curious  and  most  useful  piece  of  informa- 
tion. The  velocity  in  the  middle  of  the  stream  is  the  eaa- 
est  measured  of  all,  by  any  light  small  body  floating  down 
it ;  and  the  mean  velocity  is  the  one  which  regulates  the 
train,  the  discharge,  the  effect  on  machines,  and  ali  the 
most  important  consequences. 

We  may  express  this  by  a  formula  of  most  easy  recol- 
lection. Let  V  be  the  mean  velocity,  v  the  velocity  in  the 
axis,  and  u  the  velocity  at  the  bottom ;  we  have  u  = 

'J  V  —  1,  and  V  =  —5 — . 


^ 


Also  w  =  ( VV  —  1  +  ^)2,  and  t;  =  ( V  M  +  l)^. 

V  =  (VV— i)2  +  i,andV  =  (V;r+i)2  +  ^. 
w  =  (V  t;  —  ])*  and  u  =  (VV  — 1  —  ^y. 
Also  v  —  u  =  2  V  V  —  i  and  i;  —  V,  =  V  —  w,.= 
n'  V  —  i :  that  is,  the  difference  between  Uiese  velocities 


THBOBY  OF  BIVS&S.  46S 

increases  in  the  ratio  of  the  square  roots  qf  the  mean  velo- 
citieB  diminished  by  a  small  constant  quantity. 

This  may  perhaps  givd  the  mathematidans  some  help  in 
ascertaining  the  law  of  degradation  from  the  axis  to  the 
aides.  Thus,  in  a  cylindrical  pipe,  we  may  concave  the 
current  as  oonasting  of  an  infinite  number  of  cylindrical 
shells  sliding  within  each  other  like  the  draw-tubes  of  a 
spy-g^ass.  Each  of  these  is  in  equilibrio,  or  as  much  acce- 
lerated fay  the  one  within  it  as  it  is  retarded  by  the  one 
without ;  therefore  as  the  momenium  of  each  diminishes  in 
the  proportion  of  its  dUameter  (the  thickness  being  sufqpos- 
ed  the  same^in  all),  the  velodty  of  separation  must  increase 
by  a  certun  law  firom  the  sides  to  the  axis.  The  magni« 
tude  of  the  small  constant  quantity  here  spoken  of  seems  to 
fix  this  law. 

The  place  of  the  mean  velodty  could  not  be  ^scovered 
with  any  precision.  In  moderate  velodties  it  was  not  mcMre 
than  one-fourth  or  one-fifth  of  the  depth  distant  from  the 
bottom.  In  very  great  velocities  it  was  sensibly  higher, 
but  never  in  the  middle  of  the  depth. 

The  knowledge  of  these  three  velocities  is  of  great  im- 
portance. The  superficial  velocity  is  easily  observed;  hence 
the  mean  velocity  is  easily  computed.  This  multiplied  by 
the  section  gives  the  expense ;  and  if  we  also  measure  the 
expanded  border,  and  then  obtain  the  mean  depth  (or 

'^Td),  we  can,  by  the  formula  of  uniform  motion,  deduce 
the  slope ;  or,  knowing  the  slope,  we  can  deduce  any  of  the 
other  circumstances. 

The  following  table  of  these  three  velocities  will  save  the 
trouble  of  calculation  in  one  of  the  most  frequent  questions 
of  hydraulics. 


464 


jmrmt  of  itpnitim' 


VBLoenv  19  Inmu. 


1 

t 

S 

4 

5 

6 

f 

8 

9 

10 

11 

If 

IS 

14 

IS 

16 

IT 

16 

19 


91 

99 

98 
94 

95 
96 
97 


99 
30 
81 
39 
33 
84 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 


0,000 
0^A79 
0.587 
1. 

i,m 

t.l 
9J09 
9i849 
4^ 

4^4 
5*369 
6,071 
6.786 
7.51T 
8,954 
9. 

9,758 
10.468 
11.988 
19.055 
19.674 
18.616 
14^409 
15.194 
16, 

16,809 
17,606 
18,491 
19,928 
20,044 
90,857 
21,678 
22,506 
23,339 
24,167 

25,827 

26,667 

27,51 

28,345 

29,192 

30.030 

«H/,oBU 

31,742 

32,581 

33,432 

34,293 

35,151 

36. 

36.857 


0.5 

liOBl 

M68 

M 
8»968 

4,050 

4.854 

5^67 

6.9 
T.8S7 
8,184 
9^086 
9.898 
10.756 

19.5 

18376 

14^981 

15.141 

16/I9T 

16,887 

17.808 

18.701 

19,597 

20,5 

21,401 

22,303 

23,210 

24,114 

25,022 

95,924 

26.839 

27,753 

28,660 

29,583 

30,5 

31,413 

32,333 

33,255 

34,172 

35,096 

36,015 

36,940 

37,871 

38,790 

39,716 

40,646 

41,570 

42.5 

43,428 


51 
5t 
5S 

u 

55 


61 


64 
65 

66 
67 


69 
70 
71 
79 
78 
74 
75 
76 
77 
78 
79 
60 
81 
82 
83 
84 
85 
86 
87 
88 
89 
00 
91 
92 
93 
94 
95 
96 
97 
98 
99 
100 


97,719 
88^84 

»« 

41.185 
49.018 
4t»988 
48.771 
44^888 
4M09 
46476 

vrjM 

48,186 

49. 

49379 

50.751 

51,689 

59.505 

58399 

54*978 

55.145 

56385 

56.869 

57,790 

58,687 

59,568 

60.451 

61340 

62,209 

63,107 

64, 

64,883 

65,780 

66,651 

67,568 

68,45^ 

69.339 

70,224 

71,132 

72,012 

72,915 

73,788 

74.719 

75,603 

76,51 

77370 

78,305 

79,192 

80,120 

81. 


49359 
45381 


4«3M 
80389 
513I8 
88,714 

58^688 


853« 
88^ 

87,09 
5e3t8 
88310 

8Q!3» 

8UM 


883V» 

8lk8l9 


65385 

66348 
67,784 
68,725 
69,670 
70,605 
71,553 

723 
73,441 

74390 

75395 

76,984 

77,229 

78,169 

79.112 

80,066 

61,006 

81,957 

62,894 

83359 

84,801 

85,755 

86,685 

87,652 

88,596 

89.56 

90«5 


THEORT  OF  KiVBM*  4SS 

The  knowledge  of  the  rdxatj  at  the  bottom  is  of  the 
greatest  use  for  enabling  us  to  judge  of  the  aodon  of  the 
stream  on  its  bed ;  and  we  shall  now  make  some  observ*- 
tions  on  thb  pardenlar. 

Every  kind  of  soil  has  a  certmn  vekxity  oonsiatent  with 
the  stabiUty  of  the  chamiri.  A  greater  velocity  woold 
enable  the  waters  to  tear  it  up^  and  a  smaller  veloei^ 
wonU  permit  the  depoeitioD  of  more  moveable  materiala 
from  above.  It  is  not  enough,  then^  for  the  stability  of  a 
river,  Uiat  the  aocderating  forces  are  so  adjusted  to  ther 
siae  and  figure  of  its  channd  that  the  cmrrent  may  be  in 
tmin :  it  must  also  be  in  equilibrio  with  the  tenacity  of  the 
channel. 

We  learn  from  observation,  that  a  velocity  of  three: 
inches  per  second  at  the  bottom  will  just  begin  to  woHk 
upon  fine  day  fit  fidr  pottery,  and  however  firm  and  ooii»' 
pact  it  may  be,  it  will  tear  it  up  Yet  no  beds  aits  moft^ 
stable  than  day  when  the  vekxdtiesdo  not  exceed  this :  for 
the  water  soon  tak^  away  the  impalpable  partides  of  the 
superfidal  day,  leaving  the  partides  of  sand  sticking  by 
thdr  lower  half  in  the  rest  of  the  day,  which  they  now  pro- 
tect, making  a  very  permanent  bottom,  if  the  stream  docfs 
not  bring  down  gravel  or  coarse  sand,  which  will  rub  off 
this  very  thin  crust,  and  allow  another  layer  to  be  won^ 
off;  a  veUxnty  of  wx  inches  will  lift  fine  sand ;  eight  indies 
will  lift  sand  as  coarse  as  linseed;  19  inches  will  swee^ 
along  fine  gravel ;  24  inches  will  roll  along  rounded  pebblesr 
an  inch  diameter ;  and  it  requires  three  feet  per  second  at 
the  bottom  to  sweep  along  shivery  angular  stones  of  the 
size  of  an  egg. 

The  manner  in  which  unwearied  nature  carries  on  some 
of  these  operations  is  curious,  and  deserves  to  be  noticed  a 
little.  All  must  recollect  fhe  narrow  ridges  or  wrinkles 
which  are  left  on  the  sand  by  a  tenqxnrary  fresh  or  stream* 
They  are  observed  to  lie  across  the  stream,  and  each  ridge 
consists  of  a  steep  face  AD^  BF  (Fig.  34.)  which  kx>ks 


down  the  itntm,  liiid  a  gaider  dope  DB,  FSCV  wHdi 
DdBto  this  wiA  the  neat  lidgB.  Astheitratttt-WBifitflMr 
the  fint  steep  ADy  H  is  Ancted  Unioit'pihpendlenullf 
agunst  the  pnnt  E  immediatdy  below'D/flDd  €fositgili 
hioU  of  a  putkle  of  ooane  Mnd,  wUch  k  oooM  nb^ 
tadiedfWnii  the  resthad  it  been  monng  paralM  tqthe mifiaii 
of  it  It  eanljndls  op  the  gentle  slope  EB ;  aanrhredibM^' 
tliepfftieie  tmnblo  ofcr  the  ridge,  nd  lietiteetflb 
bottom  of  it  at  F,  where  it  is  protected  bj  the  litde  eUfi 
which  is  formed  in  the  very  an^ ;  other  particleB  lyiif 
about  E  are  treated  in  the  same  way,  and,  tumUing  oiv 
the  ridge  B,  oorer  the  first  particle,  and  now  protect  it  'i^ 
factually  from  any  further  disturbance.  The  aame  opont* 
tioD  is  going  on  at  the  bottom  of  eadi  rklge.  The  hkm 
or  steep  of  the  ridge  gradually  ad^Emoes  down  the  ^Ueii^' 
and  the  whole  set  change  their  places,  as  represented  by  AS' 
dotted  line  a  d  6/,*  and  after  a  certain  time  the  potids 
whicfa  was  deponted  at  F  is  found  in  an  unprotected  skua- 
tkm,  aa  it  was  in  E,  and  it  now  .makes  another  stt|p  down* 
the  stream. 

The  Abb^  Bossut  found,  that  when  the  velocity  of  the 
stream  was  just  sufficient  for  lifting  the  sand  (and  a  small 
excess  hindered  this  operation  altogether)  a  ridge  advanced 
about  SO  feet  in  a  day. 

Since  the  current  carries  off  the  most  moveable  matters 
of  the  channel,  it  leaves  the  bottom  'covered  with  the  re- 
maining coarser  sand,  gravel,  pebbles,  and  larger  stones. 
To  these  are  added  many  which  come  down  the  stream 
while  it  is  more  rapid,  and  also  many  which  roll  in  from 
the  sides  as  the  banks  wear  away.  All  these  form  a  bot- 
tom much  more  solid  and  immoveable  than  a  bottom  of  tbe 
medium  soil  would  have  been.  But  this  does  not  always 
muntain  the  channel  in  a  permanent  form ;  but  frequendy 
occafflons  great  changes,  by  obliging  the  current,  in  the 
event  of  any  sudden  fresh  or  swell,  to  enlarge  its  bed,  and 
even  to  change  it  altogether,  by  working  to  the  ri^t  and 
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to  the  left,  since  it  cannot  work  downwards.  It  is  gependly 
from  such  accumulation  of  gravel  and  pebbles  in  the  bot- 
tcxn  of  the  bed  that  rivers  change  their  channels. 

It  remains  to  ascertain,  in  absolute  measures,  the  force 
which  a  current  really  exerts  in  attempting  to  drag  along 
with  it  the  materials  of  its  channel ;  and  which  will  pro- 
duce this  effect  unless  resisted  by  the  inertia  of  these  ma- 
terials. It  is  therefore  of  practical  importance  to  know  this 
force. 

Nor  is  it  abstruse  or  difficult.  For  when  a  current  is  in 
train,  the  accelerating  force  is  in  equilibrio  with  the  resist- 
ance, and  is  therefore  its  immediate  measure.  Now  this 
accelerating  force  is  precisely  equal  to  the  weight  of  the 
body  of  water  in  motion  multiplied  by  the  fraction  which 
expresses  the  slope.  The  mean  depth  being  equal  to  the 
quotient  of  the  section  divided  by  the  border,  the  section 
is  equal  to  the  product  of  the  mean  depth  multiplied  by 
the  border.  Therefore,  calling  the  border  6,  and  the  mean 
depth  J,  we  have  the  section  ^db>  The  body  of  water 
in  motion  is  therefore  dbs  (because  s  was  the  slant  length 
of  apart  whose  difference  of  elevation  is  1),  and  theaccele- 

rating  force  is  dbs  x  — ,  or  rft.     But,  if  we  would  only 

consider  this  resistance  as  corresponding  to  an  unit  of  the 
length  of  the  channel,  we  must  divide  the  quantity  dbhj 

Sj  and  the  resistance  is  then And  if  we  would  con- 

8 

sider  the  re^tance  only  for  an  unit  of  the  border,  we  must 
divide  this  expression  by  b ;  and  thus  thb  resistance  (tak- 
ing an  inch  for  the  unit)  will  be  expressed  for  one  square 

inch  of  the  bed  by  the  weight  of  a  bulk  of  water  which 
has  a  square  inch  for  its  base,  and  -~  for  it  height   And, 

lastly,  if  £  be  taken  for  any  given  superficial  extent  of  the 
channel  or  bed,  and  F  the  obstruction,  which  we  consider 

«»  a  sort  of  friction,  we  rfiaU  have  F  =  "— . 
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currant  is  ill  tMiit^-  %kfiA  ib  lOiitft  ^ioKji  nUt  mUt  '4fl|t 
Mdlliii»ariofKoroA6ibt^kiiiidfe  BtafeB i* ntaiB fhL 

feet   ftlie  bmior  ^  l$^^f^ 

«id#ii  Ana    TiMtffM  tfie  fitekNi  ki  the  MJf^kMif 
a  ecduinn  of  water  wIkmc  bate  it  mne  feet,  and  h/lffi^ 

^L— ,  or  nearly  ^  ounces  aroirdupois. 
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H»  wIki  locAa  witk  a  caftdasi  i^  at  a  mqp  of  ilna  iM^ 
ii-apl  to  conndcr  the  m«a  ^Udk  ramUe  ofvcr  it»  aodtae' 
as  a  flhaaee^edley  ditpodtibii'oiF  the  dndaeta  wUeb  aMf 
offtbewateti.  Bat  h  wiU  afifardamost  agreedil0«l|)ftft 
to  a  eoondeiate  and- eoiitei)tt(dati^  mmd,  totak^  toq^ia 
ibm  yrerj  mmfie  %ht;  and- hafittg  eoniidefed  tta>Mfly 
ways  in  which  the  drenched  surface  might  have  been  dear- 
ed  of  the  superfluous  waters,  to  attend  particularly  to  the 
very  way  which  nature  has  followed.  In  following  the 
troubled  waters  of  a  mountun  torrent,  or  the  pure  streams 
which  trickle  from  their  bases,  till  he  sees  them  swallowed 
up  in  the  ocean,  and  in  attending  to  the  many  varieties  in 
their  motions,  he  will  be  delighted  with  observing  how  the 
ample  laws  of  mechanism  are  made  so  fruitful  in  good  con- 
sequences, both  by  modifying  the  motions  of  the  waters 
themselves,  and  also  by  inducing  new  forms  on  die  smv 
face  of  the  earth,  fitted  for  re-acting  on  the  wtitops,  and 
producing  these  very  modifications  of  tbeii*  motions  which 
render  them  so  beneficial.  The  permanent  beds  of  rivers 
are  by  no  means  fortuitous  gutters  hastily  scooped  out 
by  dashing  torrents;  but  both  they  and  the  valleys 
through  which  they  flow  are  the  patient  but  unceasing  la- 
bours of  nature,  prompted  by  goodness  and  directed  by 
wisdom.  7 
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Whether  we  tnoe  a  river  from  tbe  torrents  whidi  edilect 
die- superfluous  waters  of  heaYeiiy  or  from  the  qpringa  which 
diicfaarge  what  would  otherwise  be  condenuied  to  perpetual 
iiiaotivity»  each  fiaeder  is  but  a  Ktde  rill  wbkh  could  not 
iimUe  far  from  its  scanty  source  amooggvowiiig  plants  and 
absorbent  earth,  without  being  sucked  up  and  evapcnted, 
did  it  not  meet  with  other  rills  in  its  course.   When  united 
they  form  a  body  of  water  still  incondklerahfe^  but  mudi 
■sore  Met  by  its  bulk,  to  overcome  the  little  obstades  to  its 
motion ;  and  the  rivulet  then  moves  with  greater  speed,  is 
we  have  now  learned.    At  the  same  time,  the  surfiice  ex- 
posed to  evaporation  and  absorption  is  diminisbed  by  the 
union  of  the  rills;    Four  equal  rills  have  only  the  surfiswe 
of  two  when  united.     Thus  the  pcnrtion  which  escapes  ar- 
restment, and  travels  downwards,  b  continually  increasmg. 
This  is  a  happy  adjustment  to  the  other  operations  of 
nature.    Were  it  otherwise,  the  lower  and  more  valuable 
eountries  would  be  loaded  with   the  passing  waters  in 
addition  to  their  own  surjdus  rains,  and  the  immediate 
neighbourhood  of  the  sea  would  be  almost  covered  by  tbe 
drains  of  the  interior  countries.    But,  fortunately,  those 
passing  waters  occupy  less  rocm  as  they  advance,  and  by 
this  wise  empbyment  of  the  most  simple  means,  not  only  are 
the  superfluous  waters  drained  off  from  our  fertile  fields, 
but  the  drains  themselves  become  an  useful  pert  of  the  coun^ 
try  by  thebr  magnitude.     They  become  the  habitation  of  a 
jHKidigious  number  of  fishes,  whidi  share  the  Creator's 
bounty ;  and  they  become  the  means  of  mutual  communis 
cation  of  all  the  Ucssings  of  cultivated  society*     The  vague 
ramblings  of  the  rivers  scatter  them  over  the  face  of  the 
country,  and  bing  them  to  every  door*    It  is  not  even  aoT 
indiflerent  circumstance^  that  they  gather  strength  to  cut 
out  deep  beds  £at  themselves.    By  this  means  they  cut 
<q>en  many  springs.    Without  this,  the  produce  of  a  heavy 
shower  would  make  a  swamp  which  would  not  dry  up  in 
many  days.    And  it  must  be  observed,  that  the  same  heat 
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!^iw>Uta.tKM'^iMMtaMat  nf  tlM:dBaiLaiiaiiitiaM4i£aiiHk 
jft  difacnt  .fioBi  t«A  ntliiff_  ty^-tf -lAfrm  •'irr ifiirr'rf 
die  detnL'b  wM<«lBi0it:t»  infinto  dddi.dMA  tliA4iMlfc 
minH bt iinWbihitiMftK:  ..  ,r..    .  ,;*w;.  Vi*^ 

Bat  let  Hi  jbltoif  the  wrtWE  intfigiT  qpBntfiqnfc,  11(11^111 

big  to  the  fanedth»  tfaejdcpthyeiidLthejdb|ie  of  thewH^^ 
ive  ihiU  b&  oonfinoed  tfuitheic  nmnnt  lituMlim  iiijdfc 
tNvdtjr  difiBent  fivvt  whet  it  wee  in  andeqt  da|Bi  {:  ail 
diet  the  njkp  tbemedvee  ere  the  woriu  of  .;tfae:im9pii^.  #r 

^  ke*  of  watem.^whidi  ben«.  divoeiided  fioom  ihtiiiiihlit 
loeded  nith.allthe  UghternMttMS  wfaidi  thej  :ireie#bliutf ' 
hciDgairqrwkhtfaeB.  ■Ilie.BTav^flow.iiQiwiii.faedftiffft^ 
hivii  a  mMmyli  iiTJii  TimiiiTfftifT  7  TfVft  tlryf  hntlfftfti  thewtttft 
qf  egee.  Thk  bee  ffmi  etiU%y  both  by  filMiy  igiiirt 
emoodung  the  Tslleys,  and  thug  kflaening  the  i*«gpg 
GRiueSi  and  alao  by  hardening  the  beds  themselves,  ulufch 
are  now  covered  with  aquatic  plants,  and  lined  with  the 
stones,  gravel,  and  coarser  sand,  out  of  which  all  the  light* 
er  matters  have  been  washed  away. 

The  surface  of  the  high  grounds  is  undergoing-  a  con- 
tinual change ;  and  the  ground  on  which  we  now  walk  is 
by  no  means  the  same  which  was  trodden  by  our  remote  an- 
cestors. The  showers  from  heaven  carry  down  into  the 
valleys,  or  sweep  along  by  the  torrents,  a  part  of  the  soil 
which  covers  the  heights  and  steeps.  The  torrents  carry 
this  soil  into  the  brooks,  and  these  deliver  part  of  it  into 
the  great  rivers,  and  these  discharge  into  the  sea  this  fer- 
tilizing fat  of  the  earth,  where  it  is  swallowed  up,  and  fbr« 
ever  lost  for  the  purposes  of  vegetation.  Thus  the  hillocks 
lose  of  their  height,  the  valleys  are  filled  up,  and  the  mouiw 
tains  are  hud  bare^  and  show  their  naked  fndfiocB^  which 
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fiMVierly  were  covered  over  with  a  flesb  and  skin^  but  now 
look  like  the  skeleton  of  this  globe.  The  km  counties,, 
nosed  and  nourished  for  scnne  time  by  the  substance  of  the^ 
high  landS)  will  go  in  their  turn  to  be  buried  in  the  ocean ; 
and  then  the  earth,  reduced  to  a  dreaiy  flat,  will  beocnne 
an  immense  uninhaUtable  mass.  This  catastrophe  is  far 
distant,  because  this  globe  is  in  its  youth,  but  it  is  not  the 
less  certain;  and  the  united  labours  of  the  human  race  could 
not  long  protract  the  term. 

But,  in  the  mean  time,  we  can  trace  a  beneficent  pur- 
pose, and  a  nice  adjustment  of  seemingly  remote  drcum- 
stances.  The  grounds  near  the  sources  of  all  our  rivers 
are  indeed  gradually  stripped  of  their  most  fertUe  ingre- 
dients.  But  had  they  retained  them  for  ages,  the  sentient 
inhabitants  of  the  earth,  or  at  least  the  nobler  animals,  with 
man  at  their  head,  would  not  have  derived  much  advan- 
tage  firom  it  The  general  laws  of  nature  produce  changes 
in  our  atmosphere  which  must  ever  render  these  great  ele- 
vations unfruitfiiL  That  genial  warmth,  which  is  equally 
necessary  fcnr  the  useful  plant  as  for  the  animal  which  lives 
on  it,  is  confined  to  the  lower  grounds.  The  earth,  which 
on  the  top  of  mount  Hsemus  could  only  bring  forth  moss 
and  dittany,  when  brought  into  the  gardens  of  Spalatro, 
produced  pot-herbs  so  luxuriant,  that  Diodesian  told  his 
colleague  Maximian  that  he  had  more  pleasure  in  their  cul- 
tivation than  the  Roman  empire  could  confer.  Thus  na- 
ture not  only  provides  us  manure,  but  conveys  it  to  our 
fields.  She  even  keeps  it  safe  in  store  for  us  till  it  shall  be 
wanted.  The  tracts  of  country  which  are  but  newly  in- 
habited by  man,  such  as  great  part  of  America,  and  the 
newly-discovered  regbns  of  Terra  Australis,  are  still  al- 
most occupied  by  marshes  and  lakes,  or  covered  with  im- 
penetrable forests ;  and  they  would  remun  long  enough  in 
this  state,  if  population,  continuaUy  increaring,  did  not  in^ 
crease  industry,  and  multiply  the  hands  of  cultivators  along 
witii  Uicir  necessities.    The  Autiior  of  Nature  was  elo» 
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able  to  forni  the  huge  ridges  of  the  momitaiiiB,  to  modd 
the  hilldbks  and  the  volleys,  to  mark  out  the  cooraes  of  the 
great  rivers,  and  ^ve  the  first  trace  to  every  rivulet ;  hut 
has  left  to  man  the  task  of  drmning  his  own  halntation  and 
the  fields  which  are  to  support  him,  becauae  this  is  a  tadL 
not  beyond  his  powers.  It  was  therefore  of  immffiae  ad- 
vantage to  him  that  those  parts  of  the  globe  into  which  he 
has  not  yet  penetrated  should  remain  covered  with  lako^ 
marshes,  and  forests,  which  keep  in  store  the  jiuce  of  the 
earth,  which  the  influence  of  the  air,  and  the  vivifying 
warmth  of  the  sun  would  have  expended  long  ere  now  in 
useless  vegetaUon,  and  which  the  rains  of  heaven  would 
have  swept  into  the  sea,  had  they  not  been  thus  protected 
by  their  situation  or  their  cover.  It  b  therefore  the  busU 
ness  of  man  to  open  up  these  mines  of  hoarded  wealth,  and 
to  thank  the  Author  of  all  Grood,  who  has  thus  husbanded 
them  Sar  his  use,  and  left  them  as  a  rightful  heritage  for 
those  of  after  days. 

The  earth  had  not  in  the  remote  ages,  as  in  our  day, 
those  great  canals,  those  capacious  voidcrs,  always  ready  to 
drain  off  the  rain  waters  (of  which  only  part  is  absorbed 
by  the  thirsty  ground),  and  the  pure  waters  of  the  springs 
from  the  foot  of  the  hills.  The  rivers  did  not  then  exist, 
or  were  only  torrents,  whose  waters,  confined  by  the  gulleys 
and  glens,  are  searching  for  a  place  to  escape.  Hence 
arise  tliosc  numerous  lakes  in  the  interior  of  great  conti- 
nents, of  which  there  are  still  remarkable  relics  in  North 
America,  which  in  process  of  time  will  disappear,  and  be- 
come champaign  countries.  The  most  remote  from  the 
sea,  unable  to  contain  its  waters,  finds  an  issue  through 
some  gorge  of  the  hills,  and  pours  over  its  superfluous 
waters  into  a  lower  basin,  which,  in  its  turn,  discharges  its 
contents  into  another,  and  the  last  of  the  chain  delivers  its 
waters  by  a  river  into  the  ocean.  The  communication  was 
ori^nally  l)egun  by  a  simple  overflowing  at  tlie  lowest  part 
of  the  margin.     This  made  a  torrent,  which  quickly  deep- 
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ened its  bed;  and  this  circumttanoe  increasiiig  its  velocity, 
as  we  have  seen,  would  extend  this  deepemi^  backward  to 
the  lake,  and  draw  off  more  of  its  waters.  The  work 
would  go  on  rapidly  at  first,  while  earth  and  small  stones 
only  resisted  the  labours  of  nature ;  but  these  bdng  washed 
away,  and  the  channel  hollowed  out  to  the  firm  rode  on  all 
Sides,  the  operation  must  go  on  very  slowly,  till  the  im^ 
mense  cascade  shall  undermine  what  it  cannot  break  ofl^, 
and  then  a  new  discharge  will  commence,  and  a  quantity  of 
flat  ground  will  emerge  all  round  the  lake.  The  torrent, 
in  the  mean  time,  makes  its  way  down  the  country,  and 
digs  a  canal,  which  may  be  called  the  first  sketch  of  a  river, 
which  wfll  deepen  and  widen  its  bed  continually.  The 
waters  of  several  basins  united,  and  runnii^  together  in  a 
great  body,  will  (according  to  the  princifdes  we  have  esta* 
falished)  have  a  much  greater  velodty,  with  the  same  slope^ 
than  those  of  the  lakes  in  the  interior  parts  of  the  conti* 
nent ;  and  the  sum  of  them  all  united  in  the  basin  next 
the  sea,  after  having  broken  through  its  natural  mound, 
will  mfike  a  prodigious  torrent,  which  will  dig  for  itself  a 
bed  so  much  the  deeper  as  it  has  more  slope  and  a  greater 
body  of  waters. 

The  formation  of  the  first  valleys,  by  cutting  open  many 
qnings,  which  were  formerly  concealed  under  ground,  will 
add  to  the  mass  of  running  waters,  and  contribute  to  drain 
off  the  waters  of  these  basins.  In  course  of  time  many  of 
them  will  disappear,  and  flat  valleys  among  the  mountains 
and  hills  are  the  traces  of  th^  fiarmer  existence. 

When  nature  thus  traces  out  the  courses  of  future  riven, 
it  is  to  be  expected  that  those  streams  will  most  deepto 
their  channels  which  in  thor  approach  to  the  sea  recave 
into  their  bed  the  greatest  quantitiesof  rain  and  gyring  war 
ters,  and  that  towards  the  nuddle  of  the  continent  they 
will  deepen  their  channels  less.  In  these  last  situations  the 
natural  slope  of  the  fieldb  causes  the  rain  water,  rills,  imd 
the  little  rivulets  from  the  qprings,  to  seek  th^  way  to  the 
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rivers.  Thegimind  canankonljby  theflatteniiigofliie 
hills  and  high  grounds;  «nd  tins  must  pcooeed  with  ex- 
treme slowness,  because  it  is  ool j  the  gentk^  though  inces- 
sant work  of  the  rains  and  springs.  But  the  riTCfs^  in- 
oeasing  in  bulk  and  strength,  and  of  necessity  floirii^  over 
every  thing,  form  to  themsdves  capacious  beds  in  m  mne 
yidding  scnl,  and  dig  them  even  to  the  levdi  of  the  ocean. 
The  beds  of  rivers  by  no  means  form  themselves  in  one 
incUned  plane.  If  we  should  suppose  a  canal  AB  (Fi^ 
IS.)  perfectly  straight  and  horiiontal  at  B,  where  it  joins 
with  the  sea,  tlus  canal  would  really  be  an  inclined  tsbmxoA 
of  greater  and  greater  slope  as  it  is  fiurther  finnn  B.  Tins 
is  evident;  because  gravity  is  directed  towards  the  centre 
of  the  earth,  and  the  angle  CAB  contuned  between  the 
channel  and  the  plumb-line  at  A  is  smaller  than  the  simikr 
angle  CBD ;  and  consequently  the  inclination  to  the  hori* 
son  u  greater  in  A  than  in  D.  Such  a  canal,  therefiv^ 
would  make  the  bed  of  a  river ;  and  some  have  thought 
that  this  was  the  real  form  of  nature'^s  work ;  but  the  sup- 
position is  a  whim,  and  it  is  false.  No  river  has  a  slope  at 
all  i^proaching  to  this.  It  would  be  8  inches  dcdivity  in 
the  mile  next  the  ocean,  24  inches  in  the  second  mile,  40 
inches  in  the  third,  and  so  on  in  the  duplicate  ratio  (for 
the  whole  elevation)  of  the  distances  from  Uie  sea.  Such 
a  river  would  quickly  tear  up  its  bed  in  the  mountains, 
(were  there  any  grounds  high  enough  to  receive  it),  and, 
except  its  first  cascade,  would  soon  acquire  a  more  gentle 
slope.  But  the  fact  is,  and  it  is  the  result  of  the  impre- 
scriptible laws  of  nature,  that  the  continued  track  of  a 
river  is  a  succession  of  inclined  channels,  whose  slope  dimi* 
nishes  by  steps  as  the  river  approaches  to  the  sea.  It  is 
not  enough  to  say  that  this  results  from  the  natural  slope 
of  the  countries  through  which  it  flows,  which  we  observe 
to  increase  in  declivity  as  we  go  to  the  interior  parts  of  the 
continent.  Were  it  otherwise,  the  equilibrium  to  which 
nature  aims  in  all  her  operations  would  still  produce  the 


TJKOR7  OF  Rnrms;  476 

gndaal  diminutioii  of  tbe  ilope  of  riven.   Witboot  it  they 
oouM  not  be  in  a  pennanent  train. 

That  we  may  more  easily  farm  a  aotioo  of  the  manner 
in  which  the  permanent  ooime  of  a  river  is  established,  kt 
us  8U[qpose  a  stream  or  rivulet  #  a  (Fig.  14)  fiv  up  the 
eountry,  make  its  way  throu^  a  soil  perfectly  umfbrm  to 
tbe  sea,  taking  the  course  ta&cd^r^'  and  receiving  the 
permanent  addUions  of  the  streams  ga^  hbyie^  kdy  le^ 
and  that  its  vekxaty  and  slope  in  all  its  parts  are  so  suited 
to  the  tenadty  cf  the  soil  and  magnitude  of  its  section,  that 
neither  do  its  waters  durii^  the  annual  fireshes  tear  up  its 
banks  or  deepen  its  bed,  nor  do  they  bring  down  fixm  die 
high  lands  materials  which  they  deporite  in  the  channel  in 
times  of  smaller  velocity.  Sudi  a  rivor  may  be  said  to  be 
in  a  femumeni  eiaie^  to  be  in  coneeroaiumf  or  to  have  Jto- 
aSkf.  Let  us  call  this  state  of  a  liver  its  RXGiMEir,  denoU 
ing  by  the  word  the  prq)er  adjustment  of  the  velocity  of 
the  stream  to  the  tenacity  of  the  channel.  The  velocity  of 
its  regimen  must  be  the  same  throughout,  because  it  is  this 
whidi  regulates  its  acdon  on  the  bottom,  which  is  the  same 
from  its  heed  to  the  sea.  That  its  bed  may  have  stalnlity^ 
the  mean  velodty  of  the  current  must  be  constant,  not* 
withstanding  the  inequality  of  disduurge  throu^  its  diffior* 
ent  sections  by  the  brooks  which  it  receives  in  its  ooune^ 
and  notwithstanding  the  augmentation  of  its  section  as  it 
iqsproaches  the  sea. 

On  the  other  hand,  it  behoved  this  exact  r^imen  to 
commence  at  the  mouth  of  the  river,  by  the  working  of  the 
whole  body  of  the  river,  in  eoncert  with  the  waters  of  the 
ocean,  which  always  keep  within  the  same  limits,  and  make 
the  ultimate  level  invariable.  This  working  will  b^jitt  to 
dig  the  bed,  'giving  it  as  little  breadth  as  possible :  totr  this 
working  consists  chiefly  in  tbe  efforts  of  'falls  and  rapid 
streamlB,  .which  arise  of  themselves  in- every  channel  which 
has  too  much  slope.  The  bottom  deepens,  and  the  sides 
remain  very  steep,  tiH  tbey  are  undenmned  and  crumble 
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down;  and  being  then  diluted  in  the  water,  thejaiecn^ 
ried  down  the  stream,  and  depontcd  wheie  the  ooem 
chedct  its  speed.  The  banks  cnimble  down  anew,  dKTsI- 
ley  or  hdlow  forms;  but  the  section,  always  oonfined to 
its  bottom,  cannot  acqiure  a  great  breadth,  and  st  reluis 
a  good  deal  of  the  fonn  of  die  trapeaknn  fhrmerfy  nientiflfr 
ed.  In  this  manner  does  the  zeg^men  bcgiii  tobeeibh 
hlished  fiomy  to  e. 

.  With  respect  to  the  next  part  de,  the  discharge  or  pro- 
duce is  diminiihfd  by  the  want  of  the  brook  I  e*  It  miut 
take  a  similar  fiMfin,  but  its  area  will  be  dindnished,  in  or- 
der that  its  velocity  may  be  the  same ;  and  its  mean  dflpdi 
d  being  less  than  in  the  portion  €ry below,  the  slope  mut 
be  greater.  Without  these  ooncittions  we  could  not  have 
4he  uniform  velocity,  which  the  assumed  permanency  ia  sa 
uniform  soil  necessarily  supposes.  Reasoning  after  the 
same  manner  for  all  the  portions  cd,  bcj  ah^  aa,  wesse 
that  the  regimen  will  be  successively  established  in  than, 
and  that  the  slope  necessary  for  this  purpose  will  begrestcr 
as  we  approach  the  river  head.  The  vertical  sec!don  or 
profile  of  the  course  of  the  river  8 abed ^y will  therefore 
resemble  the  line  SABCDEF  which  is  sketched  below,  iiav- 
ing  its  different  parts  variously  inclined  to  the  horizontal 
line  HF. 

Such  is  the  process  of  nature  to  be  observed  in  every 
river  on  the  surface  of  the  globe.  It  long  appeared  a  kind 
of  puzzle  to  the  theorists ;  and  it  was  this  observation  of 
the  increasing,  or  at  least  this  continued  velocity  vnih  small- 
er slope,  as  the  rivers  increased  by  the  addition  of  their  tri- 
butary streams,  which  caused  Guglielmini  to  liave  recourse 
to  his  new  principle,  the  energy  of  deep  waters.  We  have 
now  Been  in  what  this  energy  consists.  It  b  only  a  greater 
quantity  of  motion  renuuning  in  the  middle  of  a  great 
stream  of  water  after  a  quantity  has  been  retarded  by  the 
■des  and  bottom ;  and  we  see  clearly,  that  since  the  addi- 
of  a  new  and  perhaps  an  equal  stream  does  not  occu- 
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py  a  bad  <tf  >doiibie  aui&oe»  the  piopor^oD  of  tlie  Ktard*. 
tioos  to  the  remaining  motion  must  continually  dimininh 
asariFer  iacv^cfles  lM^4be  additioa  of  near  atfaMnflL  If 
iJieit^Ebre  the  dope  ipeva  not  .diminiflhedy  the  mgimaa  wauld 
:be  destroyed,  and  the  mar  fvould  dig  up  ita  chanaaL  We 
favue  a  AM  aaifinn«Ua»<of  this  in  the  many  works  which 
have  beoi  executaioi  ibe  P«^  which  luas  with  rapidity 
thi^ugh  a  riob  and  yielding  scriL  About  the  year  1600, 
the  waiters  of  the  Panaia^  a  very  considecahle  liver,  weM 
added  to  tbs  Po  Grande^  and  although  it  brings  aloog 
with  it  in  its  freshea  a  Taat  quantity  of  sand  aad  mud,  it 
has  gKatly  deepened  the  whole  Tacmco  di  Veaesia  fvoat 
theoonfluencetotheaea.  This  point  was  dearly  ascertain- 
ed by  Manfredi  about  the  year  1780,  when  the  inhdbitaats 
of  the  valleys  adjaoent  wene  alaoned  fay  the  pro^eet  of 
IxaBging  in  the  waters  c^  the  {Bfaena,  which  then  nm 
throiigh  the  Eerrareae.  Thek  fiears  ware  oveRoooe,  and 
the  Po  Gorande  continues  to  deepen  its  channd  every  day 
with  a  prodigious  adyantay  to  the naidgations;  and  there 
ace  several  eaittudve  marshes  whidi  now  drain  off  by  it, 
after  having  been  for  ages  under  water :  and  it  is  to  be 
particularly  remaoked,  that  the  Bheno  is  the  foulest  river 
in  ita  fiteshes  af  any  in  that  oountry.  We  insert  this  re** 
mark,  because  it  may  be  of  great  practical  utility,  as  point* 
ix^  out  A  method  x£  preserving  and  even  improving  the 
depth  of  rivers  ac  db-aina  ia  flat  countries,  which  is  not  ob- 
vkaiB,  and  rather^peara  improper :  but  it  is  strictly  eon« 
foimafale  to  a  true  Ihcsory,  and  to  the  operations -of  nature, 
wMch  never  fink  aa  adjust  eveiy  ^ing  so  as  to  bringabout 
an  aqiulibriua.  WiiateHer  ihe  dedivity  of  the  oovmtvy 
may  have  been  o^^nally^  the  aegiman  begins  to  be  settled 
at  the  mouths  of  the  rivers,  .and  tbe4dope8afa 
in  suGoeasion  as  we  recede  ifitaa  the  coast  The  orij 
slopes  inland  may ihave^been  much  greater;  but  they  wiH 
(when  busy  natuia  Jhaa  oamplated  her  work)  be  left  «Hne« 
wbaty  and  only  so  aduoh  ^gmater,  that  the  vdoeity  maybe 
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Mst  nddkkiiii  is  oMe  cs^Adiihid^'  <  tfa|i'^ 
tO'ividm  tbe  bio^  ■  wilhuut  fgntOf  MlpHnif  it^Si4to4Bl 
anjMthi  i^lmi^  trliUi'  lunp»  beM  yumii^  ■ml' llaliig 
duffing  the  pceoeefale  iMe  ef^ the  meiV-ve^wnr  leiddM^ 
hot aoteeeili  «ii«r«' b?  tke^frMhee.  ^aad'leniMit  the IW^ 
ffioBi thorettMkt;  «nd«the tlpaat'end gMwwIj 
hem  bem  left  ben  in  e  ooanie  of  71MM/ 
theeoil,  wilL-eho ecOeet «i  the botfeon,  «idl  gendf e^^ 
BMBtttepcnrtfefMileiioe;  eodemnifllie 
hevedeepoied  the  botteia  eone  aeell  mettev 
will  be  depoaited  ee  the  f  elocitj^  of^^die  fimhee; 
end  thb  wiU  lemein  till  the  next  flood.  no«i*v«* 

We  have  suppoeed  the  soil  unifiirm  through  the  ivfaofe 
oouree :  this  seldom  happens ;  therefore  the  carcunutenecs 
which  ensure  permanency,  or  the  regimen  of  a  river,  nuy 
be  very  difGerent  in  its  different  parts,  and  in  cKflGtteBt 
rivers.  We  may  say  in  general,  that  the  farther  that  the 
r^imem  has  advanced  up  the  stream  in  any  river,  the  more 
slowly  will  it  convey  its  waters  to  the  sea. 
.  There  are  some  general  drcumstances  in  the  motion  of 
rivers  which  it  will  be  proper  to  take  notice  of  just  now, 
that  they  may  not  interrupt  our  more  minute  cxaminadon 
of  their  medumism,  and  their  explanations  will  then  ooieiir 
of  diemselves  as  corollaries  of  the  propomtims  which  we 
shall  endeavour  to  demonstrate. 

In  a  valley  of  small  width  the  river  always  oocupes  the 
lowest  part  of  it ;  and  it  is  observed,  that  this  is  seldom  in 
the  middle  of  the  valley,  and  is  nearest  to  that  aide  on 
whidi  the  slqie  from  the  higher  grounds  is  steepest,  and 
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this  without  legBord  to  the  fine  of  ilB  oQun^  The  river 
genetiUy  adheres  to  the  steepest  hills^  whether  they  ad* 
Tanee  into  the  plain  or  retire  finom  it  This  genenl  feature 
mi^  be  observed  oarer  the  whde  globe.  It  is  divided  into 
eopartments  by  great  ranges  of  mountains ;  and  it  may  be 
observed,  that  the  great  riv^s  hold  their  course  not  very 
fiur  firom  them,  and  that  thar  diief  feeders  come  firom  the 
other  side.  In  every  oopartment  there  is  a  swell  of  the 
low  country  at  a  distance  from  the  bounding  ridge  of  moun* 
tains;  and  on  the  summit  of  this  swdl  the  principal  feeders 
of  the  great  river  have  their  sources. 

The  name  tMtfiie^  is  jpven  with  less  prcqwiety  to  these  im« 
mense  regions,  and  is  more  applicable  to  tracks  of  chan^ 
peign  land  whidi  the  eye  can  take  in  at  one  view.  Even 
heie  we  may  observe  a  resemblance.  It  is  not  always  in 
thevery  lowest  part  of  this  valley  that  the  river  has  its  bed; 
although  the  waters  of  the  river  flow  in  a  channel  below  its 
immediate  banks,  these  banks  are  frequently  higher  than 
the  grounds  at  the  foot  of  the  hills.  This  is  very  distinct* 
ly  seen  in  Lower  Egypt,  by  means  of  the  canals  which  are 
carried  backward  from  the  Nile  for  accelerating  its  fertilise 
ing  inundations.  When  the  calishes  are  opened  to  admit 
the  waters,  it  is  always  observed  that  the  districts  most  re» 
mote  are  the  first  covered,  and  it  is  several  days  befiure  the 
immediately  adjoining  fields  partake  of  the  Messing.  This 
is  a  consequence  of  that  graeral  operation  cf  nature  by 
which  the  valleys  are  fiirmed.  The  river  in  its  floods  is 
loaded  with  mud,  which  it  retains  as  long  as  it  rolls  nqpidly 
along  its  limited  bed,  tumUiog  its  waters  over  and  ovety 
and  taking  up  in  every  iqpot  as  much  asit  deposites:  but  as 
soon  as  it  overflows  its  banks,  the  very  enlaigement  of  its 
section  diminishes  the  velocity  of  the  water ;  and  it  may  be 
observed  still  running  in  the  track  of  its  bed  with  great  ve- 
locity, while  the  waters  on  each  side  are  stagnant  at  a  very 
small  distance:  therefiire  tfie  water,  on  gettii^  iorver  the 
banks,  must  deposiCe  the  heaviest,  the  firmest,  and  even  the 
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greatest  part  t£  its  burden^  and  must  beeame  gnidiialljr 
clearer  as  it  approaches  the  lulls. .  Thus  a  gentle  slope  is 
giYen  as  the  vall^  in  a  direction  which  is  the  revcfse  of 
what  one  would  expect  It  is,  however,  almost  always  the 
case  in  wide  valleys,  espedally  if  the  great  river  oomes 
through  a  soft  country.  The  banks  of  the  brooks  aad 
ditches  are  observed  to  be  deeper  as  they  approach  the 
river,  and  the  merely  superficial  drains  run  backwards 
from  it. 

We  have  already  observed,  that  the  enlai!]pment  of  the 
bed  of  a  river,  in  its  approadi  to  the  sea,  is  not  in  propor- 
tion  to  the  increase  of  its  waters.  This  would  be  the  case 
even  if  the  velocity  continued  the  same:  and  therefoec^ 
nnce  the  velocity  even  increases,  in  consequence  of  the 
greater  energy  of  a  lai^  body  of  water,  which  we  now  un- 
derstand distinctly,  a  still  smaller  bed  is  siiflBcient  {or  con- 
veying all  the  water  to  the  sea. 

This  general  law  is  broken,  however,  in  the  immediate 
ndghbourhood  of  the  sea ;  because  in  this  situation  the  ve- 
locity of  the  water  is  checked  by  the  passing  flood-tides  of 
the  ocean.  As  the  whole  waters  must  still  be  discharged, 
they  require  a  larger  bed,  and  the  enlargement  will  be 
chiefly  in  width.  The  sand  and  mud  are  deposited  when 
the  motion  is  retarded.  The  depth  of  the  mouth  of  the 
channel  is  therefore  diminished.  It  must  therefore  become 
wider.  If  this  be  done  on  a  coast  exposed  to  the  force  of 
a  regular  tide,  which  carries  the  waters  of  the  ocean  across 
the  mouth  of  the  river,  this  regular  enlargement  of  the 
mouth  will  be  the  only  consequence,  and  it  will  generally 
widen  till  it  washes  the  foot  of  the  adjoining  hills ;  but  if 
there  be  no  tide  in  the  sea,  or  a  tide  which  does  not  set 
across  the  mouth  of  the  river,  the  sands  must  be  deposited 
at  the  sides  of  the  opening,  and  become  additions  to  the 
shore,  lengthemng  the  mouth  of  the  channel.  In  this  sheL 
tered  situation,  every  trivial  circumstance  will  cause  the 
river  to  work  mcnre  on  particular  parts  of  the  bottom,  and 
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deq)en  the  ehaimel  then.  This  keeps  the  mud  suspended 
in  such  paiti  of  the  diannel,  and  it  is  not  deposited  till 
the  stream  has  shot  farther  out  into  the  sea*  It  jb  deposit^ 
ed  on  the  odes  of  those  deeper  parts  of  the  dhannd,  amdt 
increases  the  vekxnty  in  them,  and  thus  still  further  prou 
tracts  the  depmwliofw  Riyers  so  situated  will  not  only 
lengthen  their  efaannels,  but  will  divide  them,  and  produce 
islands  at  their  knouths«  A  bush,  a  tree  torn  up  fay  the 
roots  by  a  mountain  torrent,  and  floated  down  the  stream, 
will  thus  inevitably  produoe  an  island;  and  rivers  in  which 
this  is  common  will  be  continually  shifting  their  moutha 
The  MissisapiH  is  a  most  remarkable  instance  of  this.  It 
has  a  long  course  through  a  rich  sml,  and  disendbogues  it* 
self  into  the  bay  of  Mexicoi  in  a  place  where  there  is  119 
pasting  tide  J  as  may  be  seen  by  comparing  the  honrs  of 
hi^  water  in  different  places.  No  river  that  we  know 
carries  down  its  stream  such  numbers  oi  rooted-up  trees: 
they  frequently  interrupt  the  navigation,  and  imider  it  aU 
ways  dangerous  in  the  n]ght*time»  This  river  is  so  beset 
with  flats  tod  shifdng  sands  at  its  mouthy,  that  the. most 
experienced  pilota  are  puzzled  $  and  it  has  protruded  its 
channel  above  60  miles  in  the  short  period'  that  we  have 
known  it  The  discharge  of  the  Danube  is  very  similars 
so  is  that  of  the  Nile;  for  it  is  discharged  into  a  still  oomer 
of  the  Mediterranean.  It  may  now  be  said  to  have  acquire 
ed  conuderable  permanency ;  but  much  of  this  is  owing  to 
human  industry,  which  strips  it  as  much  aspossible  of  its 
subadeable  mattet.  The  Ganges  too  is  in  a  situation  pretty 
sinnlar,  and  exhibits  similar  phenomena.  The  Manignoa 
might  be  noticed  fls  an  exception ;  but  it  is  not  an  exoep^' 
tion.  It  has  flowed  very  far  in  a  level  bed,  and  its  waters 
ocme  pretty  dear  to  Fare;,  but  beudes,  there  is  a  strong 
tranverse  tide,  er  rather  current^  at  its  moudi,  setting  to 
the  south-€ast  both  durinig  flood  and  eU).  The  mouth  of 
the  Po  is  perhaps  the  most  remarkable  of  any  on  the  suN 
face  of  this  globe,  and  exhibits  appearances  extremely  sin* 
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gular.  Its  dischaif^e  is  into  a  sequestered  cxmer  of  the 
Adriatia  Though  there  be  a  more  remarkable  tide  m 
this  gulf  than  in  any  part  of  the  Meditenanean,  it  is  still 
but  trifling,  and  it  other  sets  directly  in  upon  the  moudi  of 
the  rirer,  or  retires  straight  away  fiom  iL  The  riTer  hss 
many  mouths,  and  they  shift  prodigiously.  Tlieve  hsi 
been  a  general  increase  of  the  land  very  remaifcable.  Hie 
marshes  where  Vemoe  now  stands  were,  in  the  Augnstn 
age,  everywhere  penetrable  by  the  fishing-boats,  and  ii 
the  5th  century  could  only  bear  a  few  miserable  huti; 
DOW  they  are  covered  inth  crowds  of  stately  buildings 
Bavenna,  situated  on  the  southernmost  mouth  of  the  R^ 
was,  in  the  Augustan  age,  at  the  extremity  of  a  swsmp^ 
and  the  road  to  it  was  along  the  top  of  an  artificial  mound, 
made  by  Augustus  at  immense  expense.  It  was,  howeWi 
a  fine  city,  containing  extensive  docks,  arsenals,  and  odier 
massy  buildings,  being  the  great  military  port  of  the  em^ 
pire^  where  Augustus  laid  up  his  great  ships  of  war.  In 
the  Grothic  times  it  became  almost  the  capital  of  the  West- 
em  empire,  and  was  the  seat  of  government  and  of  luxury. 
It  must,  thercforc,  be  supposed  to  have  every  accommoda- 
dation  of  opulence,  and  we  cannot  doubt  of  its  having 
paved  streets,  wharfs,  &c. ;  so  that  its  wealthy  inhabitants 
were  at  least  walking  dry-footed  from  house  to  house.  But 
now  it  is  an  Italian  mile  from  the  sea,  and  surrounded 
with  vineyards  and  cultivated  fields,  and  is  accessible  in 
every  direction.  All  this  must  have  been  formed  by  de- 
positions from  the  Po,  flowing  through  Lombardy  loaded 
with  the  spoils  of  the  Alps,  which  were  here  arrested  by  the 
reeds  and  bulrushes  of  the  marsh.  These  things  are  in 
common  course;  but  when  wells  arc  dug,  we  come  to  the 
pavements  of  the  ancient  city,  and  these  pavements  are  all 
on  one  exact  level,  and  they  are  eight  feet  below  t7i£  sur- 
face of  t/te  sea  at  low  water.  This  caimot  be  ascribed  to 
the  subsiding  of  the  ancient  city.  This  would  be  irregu- 
lar, and  greatest  among  the 'heavy  buildings.     The  tomb 
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of  Theodoric  remainsy  and  the  pavement  round  it  is  on  a 
leTel  with  all  the  others.  The  lower  story  is  always  full  of 
water;  so  is  the  lower  story  of  the  cathedral  to  the  depth 
of  three  feet  The  ornaments  of  both  these  buildings  leave 
no  room  to  doubt  that  they  were  formerly  dry ;  and  such 
a  building  as  the  cathedral  could  not  sink  without  crum- 
bling into  p.'eoes. 

It  is  by  no  means  easy  to  account  for  all  this.  The  de- 
poations  of  the  Po  and  other  rivers  must  raise  the  ground ; 
and  yet  the  rivers  must  still  flow  over  all.  We  must  con- 
clude that  the  surface  of  the  Adriatic  is  by  no  means  level, 
and  that  it  slopes  like  a  river  from  the  Lagoon  of  Venice 
to  the  eastward.  In  all  probability  it  even  slopes  consi- 
derably  outwards  from  the  shore. 

The  last  general  observations  which  we  shall  make  in 
this  place  is,  that  the  surface  of  a  river  is  not  flat,  consider- 
ed athwart  the  stream,  but  convex :  thisis  owing  to  its  mo- 
tion. Suppose  a  canal  of  stagnant  water ;  its  surfiioe  would 
be  a  perfect  leveL  But  suppose  it  possible  by  any  means  to 
^ve  the  middle  waters  a  motion  in  the  direction  of  its  length, 
they  must  drag  along  with  them  the  waters  immediately 
contiguous.  Tbese  will  move  less  swiftly,  and  will  in  like 
manner  drag  the  waters  without  them ;  and  thus  the  water 
at  the  sides  being  abstracted,  the  depth  must  be  less,  and 
the  general  sur&ce  must  be  convex  across.  The  fact  in  a 
running  stream  is  dmilar  to  this ;  the  side  waters,  are  with- 
held by  the  odes,,  and  every  filament  is  moving  more  slow- 
ly than  the  one  next  it  towards  the  middle  of  the  river,  but 
faster  than  the  adj(nning  filament  on  the  land  side.  This 
alone  must  produce  a  convexity  of  surface.  But  besides 
this, .  it  is  demonstrable  that  the  pressure  of  a  running 
stream  is  diminished  by  its  motion,  and  the  diminution  is 
proportional  to  the  h^ht  which  would  produce  the  velo- 
dty  with  which  it  is  gliding  past  the  adjoining  filament. 
This  convexity  must  in  all  cases  be  very  smalL  Few  rivers 
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hare  the  velocity  nearly  equal  to  eight  £set  per  aeooiid^  and 
this  requires  a  height  ci  one  foot  only. 

■ 

Sect.  ^.^CfOte  WmdiMg9  ^Rivers. 

RiTsas  are  seldom  straight  m  their  course.    Fonned  by 
the  hand  of  nature,  they  are  aooommodated  to  creiy  diangd 
of  circumstance.    They  wind  around  what  they  canooC  get 
oyer,  and  work  th^  way  to  either  side  according  as  the  re* 
nstance  of  the  opposite  bank  makes  a  strai^it  course  more 
difficult ;  and  this  seemingly  fortuitous  ramUiBg  distributes 
them  more  uniformly  over  the  surface  of  a  coimtry^  and 
makes  them  everywhere  more  at  hand,  to  receive  the  nunK 
berless  rills  and  rivulets  which  collect  the  waters  of  our 
springs  and  the  superfluities  of  our  showers,  and  to  com- 
fort our  habitations  with  the  many  advantages  which  culd* 
vation  and  society  can  derive  from  their  presence.     In  their 
feeble  be^nnings  the  smallest  inequality  of  slope  or  ooo- 
ttstency  is  enough  to  turn  them  aside  and  make  them  ram- 
ble through  every  field,  giving  drink  to  our  herds  and  fer- 
tility to  our  soil.     The  more  we  follow  nature  into  the 
minutiss  of  her  operations,  the  more  must  we  admire  the 
inexhaustible  fertility  of  her  resources,  and  the  simplidty 
of  the  means  by  which  she  produces  the  most  .important 
and  beneficial  effects.     By  thus  twisting  the  course  of  our 
rivers  into  10,000  shapes,  she  keeps  them  long  anudst  our 
fields,  and  thus  compensates  for  the  declivity  of  the  surface, 
which  otherwise  would  tumble  them  with  great  rapidity 
into  the  ocean,  loaded  with  the  best  and  richest  of  our  soil* 
Without  this,  the  showers  of  heaven  would  have  little  in- 
fluence in  supplying  the  waste  of  incessant  evaporation. 
But  as  things  are,  the  rains  are  kept  slowly  trickUng  along 
the  sloping  sides  of  our  hills  and  steeps,  winding  round 
every  clod,  nay,  every  plant,  which  lengthens  their  course, 
diminishes  their  slope,  checks  their  speed,  and  thus  pa^ 
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vents  them  from  quickly  brushing  off  from  every  ptrt  of 
the  surface  the  Hghtest  and  best  of  the  soil.  The  flattest 
of  our  holm  lands  would  be  too  steep,  and  the  rivers  would 
shoot  along  through  our  finest  meadows,  hurrying  every 
thing  away  with  them,  and  would  be  unfit  for  the  pur- 
poses of  inland  conveyance,  if  the  inequalities  of  soil  did  not 
make  them  change  this  headlong  course  for  the  more  beau- 
tiful meanders  which  we  observe  in  the  course  of  the  small 
rivers  winding  through  our  meadows.  Those  rivers  are  ia 
general  the  straightest  in  thdr  course  which  are  the  most 
rapid,  and  which  roll  along  the  greatest  bodies  of  water; 
Such  are  the  Rhone,  the  Po,  the  Danube.  The  smalls 
rivers  continue  more  devious  in  their  progress,  till  they  ap- 
proach the  sea,  and  have  gathered  strength  from  all  their 
tributary  streams. 

Eveiy  thing  aims  at  an  equilibrium,  and  this  directs  even 
the  rambiings  of  rivers.  It  is  of  importance  to  understand 
the  relation  between  the  force  of  a  river  and  the  resistance 
Irhich  the  soil  opposes  to  those  deviations  from  a  rectilineal 
course;  for  it  may  frequently  happen  that  the  general 
procedure  of  nature  may  be  inconsistent  with  our  local 
purposes.  Man  was  set  down  on  this  globe,  and  the  task 
of  cultivating  it  was  given  him  by  nature,  and  his  diief 
enjoyment  seems  to  be  to  struggle  with  the  elements.  He 
must  not  find  things  to  his  mind,  but  he  must  mould  them 
to  his  own  fancy.  Yet  even  this  seeming  anomaly  is  one 
of  nature^s  most  beneficent  laws ;  and  his  eixertions  must 
still  be  made  in  conformity  with  the  general  train  of  the 
operations  of  mechanical  nature :  and  when  we  have  any 
work  to  undertake  relative  to  the  course  of  rivers,  we  must 
be  careful  not  to  thwart  their  general  rules,  otherwise  we 
shall  be  sooner -or  later  punished  for  their  infraction. 
Things  will  be  brought  back  to  their  former  state,  if  our 
operations  are  inconsistent  ^th  that  equilibrium  which  ia 
constantly  aimed  at,  or  some  new  state  of  things  which  is 
equivalent  will  be  soon  induced.     If  a  well-r^^Iated  river 

VOL.  II.  2  I 


486  TH£OBY  OF  RlTEBa. 

lias  been  improperly  deepened  in  some  place,  to 
some  particular  purpose  of  our  own,  or  if  its  breadth  haa 
been  improperly  augmented,  we  shall  soon  see  a  depoiitioQ 
of  mud  or  sand  choke  up  our  fancied  improvements ;  b^ 
cause,  as  we  have  enlarged  the  section  without  ^n^^^Mit^g 
the  alc^  or  the  supply,  the  velocity  must  diminiahj  and 
floating  matters  must  be  depouted. 

It  is  true,  we  frequently  see  permanent  channelB  where 
the  forms  are  extremely  different  from  that  which  the  wa- 
ters would  dig  for  themselves  in  an  uniform  soil,  and  which 
approaches  a  good  deal  to  the  trapezium  described  forriMP- 
ly.     We  see  a  greater  breadth  frequently  compensate  for 
a  want  of  depth ;  but  all  such  deviations  are  a  sort  of  con- 
straint, or  rather  are  indications  of  inequality  of  soiL    Siidi 
irregular  forms  are  the  works  of  nature ;  and  if  they  an 
permanent,  the  equilibrium  is  obtained.     Commonly  the 
bottom  is  harder  than  the  sides,  consisting  of  the  ooaFKSl 
of  the  sand  and  of  gravel ;  and  therefore  the  necesaaiy  ie0- 
tion  can  be  obtained  only  by  increasing  the  width.    We 
are  accustomed  to  attend  chiefly  to  the  appearances  wluch 
prognosticate  mischief,  and  we  interpret  tlie  appearances  of 
a  permanent  bed  in  the  same  way,  and  frequently  form 
very  false  judgments.     When  we  see  one  bank  low  and 
flat,  and  the  other  high  and  abrupt,  wc  suppose  that  tlie 
waters  are  passing  along  the  first  in  peace,  and  with  a  gen- 
tle stream,  but  tliat  they  are  rapid  on  the  other  side,  and 
are  tearing  away  the  bank;  but  it  is  just  the  contrary. 
The  bed  being  permanent,  things  are  in  equilibrio,  and 
each  bank  is  of  a  form  just  competent  to  that  equilibrium. 
If  the  soil  on  both  sides  be  uniform,  the  stream  is  most 
rapid  on  that  side  where  the  bank  is  luw  and  flat,  for  in 
no  other  form  would  it  withstand  the  action  of  the  stream  ; 
and  it  has  been  worn  away  till  its  flatness  compensates  for 
the  greater  force  of  the  stream.     The  stream  on  tlie  other 
nde  must  be  more  gentle,  otherwise  the  bank  could  not 
remain  abrupt.    lu  short,  in  a  state  of  permanency,  the 
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▼dochy  of  the  Mxeuxk  and  form  of  the  bank  are  jnst  auitttd 
to  each  other.  It  is  quite  otherwise  before  die  rhrcr  liai 
acquired  its  proper  re^^mm. 

A  careful  ooDsideration  therefore  of  the  general  fcatmaa 
of  rigors  whidi  have  settled  their  regimen,  is  of  me  lor  i»* 
forming  us  concerning  their  internal  motioiis,  anddiraettiig 
us  to  the  most  effectual  methods  of  regulating  their  coone. 

We  have  already  said  that  perpendicular  brims  art  in* 
ooaastent  with  stability.  A  semicireular  seedon  is  Ite 
form  which  would  produce  the  quickest  train  of  a  lifer 
whose  expense  and  slope  are  given ;  but  the  banks  at  B 
and  D  (Fig.  15.)  would  crumble  in,  and  lie  at  the  bottom^ 
where  their  horisontal  surface  would  secure  iban  front 
further  change.  The  bed  will  acquire  the  form  G  e  F»  of 
equal  section,  but  greater  width,  and  with  brims  less  sbdi^ 
iag.  The  proportion  of  the  velocities  at  A  and  e  may  be 
the  same  with  that  of  the  velodties  at  A  and  C ;  but  the 
velocity  at  O  and  F  will  be  less  than  it  was  foimcily  at'B, 
C,  or  D ;  and  the  velocity  in  any  intermediate  pmnl  B» 
being  somewhat  between  those  at  F  and  c,  mutt'  bo  Issa 
thaxk  it  was  in  any  intermediate  pmnt  of  the  senidreidar 
bed.  The  velodties  will  therefore  decrease  akng  the  boVM 
der  from  e  towards  G  and  F,  and  the  steepness  of  the  butw 
der  will  augmeot  at  the  same  time,  till,  in  every  point  di, 
the  new  border  G  e  F,  these  two  dreumstanoea  witt  be*  ad 
adjusted  that  the  necessary  equiUbrium  b  established. 

The  same  thing  must  hi^^n  in  cmr  trapeahim.  The 
slope  of  the  brims  may  be  exact,  and  wXL  be  letsinad  i  it: 
will,  however,  be  too  great  anywhere  bebw,  whevr  the;  we^ 
lodty  is  greater,  and  the  ndes  will  be  worn  awi^  tiU  the: 
banks  are  undermined  and  crumble  down,  and  the 
will  maintain  its  section  by  increasing  its  width.  In 
no  border  made  up^  straight  lines  is  consistent  with  thaA. 
gradation  of  vdocity  which  will  take  fdace  whenever  we  de^- 
part  from  a  semidrculer  form.  And  we  aemrdieglyaBS^ 
that  in  all  natural  diaimels  the  seetioe  haa  « 
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hmdm^niA  tha  ilapv  iflCHHav'gndarilf  ftdtti  Ih^^bwr 

rThcK  ohMTvatioiis  will  euMe  m  16  tiiilliiNtiinr  ''ham 

€ily  iMgM  Ae  oomnt  to  chany 

iOn|iHuwi|i  ilwiy  fiat  th^^hduuqge  eoatawicilii^  iMWif 
iMi  tBU'mivnui  TWDOtty  n  oner  jiKfePVoci  or-  wwunnQf 
Ikk  Miiiwiiig  copditkinir  wee  tmjemaj  <br  »  yirmiiin  !•» 

U  li^  Thffdepdi  of  fndw  mast  be  gRk«r  in  f he 

tff ^riMMtiM.;- ■  .     -      •^' 

Mii^llto'^iiira  ttra^  ittfter  tuninff  ttmok  tlie  eooiMV 
Inlf^'VivM^beTCABctedmttiequal  angle,  and  mini  liwi 
lwWdM'difMioQ<£tlieBestiei^  -     *'  '^ 

ettir'^Tfae  aa|^':> ef  mckleiiee  must  be  ptuportkineiJ'te  ft0 
IHMitar of -tUv miL  *    -  '   i  'ir-H-. «:<'5 

•MUftVhnvmtiii  b^tnridieselboir  an  iocraiee  of 'dflfi|4«' 
oRMilcrf  Mlee,  eapabie  of  ofo^^ 
OMRNwd'bj  the  elbow* 

'•^^The  liaaonableness,  at  least,  of  these  conditions  will  ap- 
pma  from' the  feUowing  connderations : 
r*ilJ  It  is  certain  that  finrce  is  expended  in  produdng  this 
of  diroetion  in  a  channel  which,  by  supposition, 
the  current.  The  diminution  arising  from  aoj 
cause  ^rfuefa  can  be  compared  with  friction  must  be  gretfler 
whan  the  stream  is  directed  against  one  of  the  banks.  It 
'mvf  bevetj  difficult  to  state  the  proportion,  and  it  would 
oateipj  ■  tsp  much  of  our  time  to  attempt  it ;  but  it  is  suffi- 
mittdias  WIS -be  convinced  that  the  retardation  is  greater 
iirtiiis^easek  <  We  see  no  cause  to  increase  the  mean  vdo^ 
cifef  m  the  elbow,  and  we  must  therefore  conclude  that  it 

But  we  are  supposing  that  the  dischaige 

the  same ;  the  section  must  therefore  augment, 

lAiimel  increase  its  transverse  dimensions.     The 

s,  in  what  manner  it  does  this,  and  what 
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dnuige  of  ibrm  does  it  affect,  and  what  form  is  oompetCBl 
to  the  final  equilibrium  and  the  ccmaequent  permaiiencyirf 
the  bed?  Here  there  is  mudi  room  for  oonjecture*  M. 
Buat  reasons  as  foUows :  If  we  sujqxMe  that  the  points  B 
and  C  (Fig.  16.)  continue  on  a  level,  and  that  the  poinia 
H  and  I  at  the  beginning  of  the  next  reach  are  also  ob  • 
level,  it  is  an  inevitable  consequence  that  the  slope  akmg 
CMI  must  be  greater  than  along  BEH,  because  the  de^ 
pressicm  of  H  below  B  is  equal  to  that  of  I  bebw  G,  ami 
BEH  is  longer  than  CMI.  Therefore  the  velocity  alqagi 
the  convex  bank  CMI  must  be  greater  than  along  B£2H« 
There  may  even  be  a  stagnation  and  an  eddy  in  the  con* 
trary  direction  along  the  concave  bank.  Therefore,  if  the 
t(xm  of  the  8ecti<m  were  the  same  as  up  the  stream,  th» 
sides  could  not  stand  on  the  convex  bank.  When  ihm^' 
fore  the  section  .has  attained  a  permanent  form,  and  Ihe 
banks  are  again  in  equilibrio  with  the  action  of  the  comBt^' 
the  convex  bank  must  be  much  flatter  than  the  concsnre. 
If  the  water  is  ready  still  on  the  concave  bank,  that  bank 
will  be  absolutely  perpendicular;  nay,  may  overhang.**^ 
Accordingly,  this  state  of  things  is  matter  of  daily  obssr-^ 
vation,  and  justifies  our  reasoning,  and  entitles  us  to  saf^' 
that  this  is  the  nature  of  the  internal  modon  of  the  filaments 
which  we  cannot  distinctly  observe.  The  water  moves  most: 
lajHdly  along  the  convex  bank,  and  the.thread  of  the  stfcamt 
is  nearest  to  this  side.  Reasoning  in  this  way,  the  sectioii,* 
which  we  may  suppose  to  have  been  mginally  of  the  fiim 
M  6  a  E,  (Fig.  17.)  assumes  the  shape  ^MBAE.  -^i 

S.  Without  presuming  to  know  the  mechanism  of  dsr 
internal  motions  of  fluids,  we  know  that  superficial  waivsa 
are  reflected  precisely  as  if  they  were  elasdc  bodies,  making* 
the  angles  of  inddence  and  reflection  equal..  In  as  fiv 
therefore  as  the  superficial  wave  is  concerned  in  the 
tion,  M.  Buat^s  second  pontion  is  just.  The 
of  the  next  reach  requires  that  its  axis  shall  be  In  the 
rection  of  the  line  £P,  which  makes  the  ang^  GiBP 


tWfwiinHd  intbeliMB8naiiw«k»itb»lMikit>% 
«d  wU  fas  idhctfld  m  tl»  Km  flT^  Md  wi^^MfrM  M^ 
bttkatT.  W«  know  dMt  iImi  cAitcf  thifM-^ 
aoCun  k  gmi^  aad  diat  it  m  iImi  .f«N^  ^pHk 
iidiianjriqrdM  banks  of  eands.  Bo  fa'  tbwiai  Ifc 
!PMt  IB  ri^^t.    We  cumoi  a^  with  wiaj  fnatkm^mt  mt^ 

liiniii  hoir  the  adiopi  of  thi  uadat  filmiini i  JilM  9 
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.iJw  The  AM  pontioii ie  no  kn  ^iridBiit  Wiido 
hiowdw  node  of  aetkNi  of  the  water  en  thebaaki 
000  goMnl  noCioBi  00  this  salgooty  ooDflnood  bf 

4dl  us  that  the  moieobiiqiiely  astOMOtt  of  ^ 
on  onj  bsnky  the  Issi  it  tsnds  to  imdonnne  it 
iitawi^.  A' stiff  and  coboKfo  soil  thcntos  wiB 
ftrao  moio  from  bong  alinost  perpendiculaily  bulhtsd  hgr 
^0  stMsm  than  a  friable  sand  woakl  sufler  from  water  gSd* 
lag  along  its  fiwe.  M.  Bust  thinks,  from  experience,  that 
a  «ky  bank  is  not  senably  afected  till  the  angle  FEB  is 
dbout  36  degrees. 

,  4.  Since  there  are  causes  of  letardatioo,  and  we  still  sup* 
peso  that  the  disdiaige  is  k^  up,  and  that  the  mean  to* 
locitjs  whidi  had  been  diminiihed  by  the  enkifiesosnt  of 
the  section,  is  again  restored,  we  must  grant  that  thers  is 
provided,  in  the  medianism  of  theie  motions,  an  aocdersit* 
ing  fierce  adequate  to  this  effect  There  can  be  no  aeode* 
wating  force  in  an  open  stream  but  the  superficial  slope. 
In  the  pceeent  case  it  is  undoubtedly  so ;  because  by  Ae 
doqpening  of  the  bottom  where  there  is  an^bow  b  the 
sMan,  we  have  of  neoesnty  a  counter  slope.  Now,  all  this 
hsad  of  •water,  which  must  produce  the  augmentation  of 
whrity  in  that  part  of  the  stream  which  ranges  round  the 
flonw  bank,  will  arise  from  the  check  which  die  water  gets 
flm  Ihaoenpave  bank    This  occaaons  a  goi|fe  or  siseH 
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up  the  ttreftm,  enlarges  a  little  the  flection  at  B  VC ;  and 
tliifl»  by  the  principal  of  uniform  motion,  will  augment.  aU 
the  vdodtiee,  deepen  the  channel,  and  put  every  thing 
again  into  its  train  as  soon  as  the  water  gets  into  the  next 
reach.  The  water  at  the  bottom  of  this  basin  has  vary 
little  motion,  but  it  defends  the  bottom  by  this  very  ouh 
cumstance. 

Such  are  the  notions  which  M.  de  Boat  entertains  of  this 
part  of  the  mechanism  of  running  waters.  We  cannot  say 
that  they  are  very  satisfactory,  and  they  are  very  opposite, 
to  the  opinions  commonly  entertiuned  on  the  subject.  Most 
persons  think  that  the  motion  is  most  rapid  and  turbulent 
on  the  side  of  the  concave  bank,  and  that  it  is  owing  to 
this  that  the  bank  is  worn  away  till  it  become  perpendifli»* 
lar,  and  that  the  oppoate  bank  is  flat,  because  it  has  not 
been  gnawed  away  in  this  manner.  With  respect  to  thia^ 
general  view  of  the  matter,  these  persons  may  be  in  tha 
right;  and  when  a  stream  is  turned  into  a  crooked  and 
yieUsng  channel  for  the  first  time^  this  is  its  manner  of 
action.  But  M.  Buaf  s  aim  is  to  investigate  the  circum* 
stances  whidi  obtain  in  the  case  of  a  regimen ;  and  in  this 
view  he  is  undoubtedly  right  as  to  the  facts,  though  Ua 
node  of  accounting  for  these  facts  may  be  erroneous.  And 
as  this  is  the  only  useful  view  to  be  taken  of  the  subject^ 
it  ought  chiefly  to  be  attended  to  in  all  our  attempts  t» 
procure  stability  to  the  bed  of  a  river,  without  the  expend 
nve  helps  of  masonry,  &&  If  we  attempt  to  eecure  per-^ 
manency  by  deepening  on  the  inude  of  the  elbow,  our  baiik' 
will  undoubtedly  crumble  down,  diminish  the  passage^  and 
occasion  a  more  violent  action  on  the  hollow  bank.  The 
most  effectuadkean  of  security  is  to  enlarge  the  section ;. 
and  if  we  do  this  on  the  inade  bank,  we  must  do  it  by 
^dening  the  stream  very  much,  that  we  may  give  a  vary* 
skyping  bank.  Our  attention  is  commonly  drawn  to  k 
when  the  hollow  bank  is  giving  way,  and  with  a  view  t<^ 
stop  the  ravages  of  the  stream.    Thii^  are  not  wnr  !»-# 
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State  of  permanency,  but  nature  is  working  in  Iter  own  way 
to  bring  it  about     This  may  not  suit  our  purpose,  and  we 
must  thwart  her.     The  phenomena  which  we  then  obsenre 
are  frequently  very  unlike  to  those  described  in  the  preced- 
ing paragraphs.     We  see  a  violent  tumbling  motion  in  the 
stream  towcurds  the  hollow  bank.    We  see  an  evident  accii^ 
mulation  of  water  on  that  side,  and  the  p(unt  B  is  frequ^it. 
]y  higher  than  C.     This  regorging  of  the  water  extends  to 
some  distance,  and  is  of  itself  a  cause  of  greater  velocity, 
and  contributes,  like  a  head  of  stagnant  water,  to  fiiroe  the 
stream  through  the  bend,  and  to  deepen  the  bottom.   This 
is  clearly  the  case  when  the  velocity  is  exoesnve,  and  the 
holbw  bank  able  to  abide  the  shock.     In  this  situation  the 
water  thus  heaped  up  escapes  where  it  best  can ;  and  as  the 
water,  obstructed  by  an  obstacle  put  in  its  way,  escapes  by 
the  sides,  and  there  has  its  velocity  increased,  so  here  the 
water  gorged  up  against  the  hollow  bank  swells  over  to« 
wards  the  opposite  side,  and  passes  round  the  convex  bank 
with  an  increased  velocity.     It  depends  much  on  the  ad* 
'    justment  between  the  velocity  and  consequent  accumulation, 
and  the  breadth  of  the  stream  and  the  angle  of  the  elbow, 
whether  tliis  augmentation  of  velocity  shall  reach  the  con- 
vex bank  ;  and  we  sometimes  see  the  motion  very  languid 
in  that  place,  and  even  depositions  of  mud  and  sand  are 
made  there.     The  wliole  phenomena  are  too  complicated 
to  be  accurately  described  in  general  terms,  even  in  the 
case  of  perfect  regimen  ;  for  this  regimen  is  relative  to  the 
consistence  of  the  channel ;  and  when  this  is  very  great, 
the  motions  may  be  most  violent  in  every  quarter.     But 
the  preceding  observations  are  of  importance,  because  they 
relate  to  ordinary  cases  and  to  ordinary  chartfels. 

It  is  evident,  from  jM.  Buat's  second  position,  that  the 
proper  form  of  an  eibow  depends  on  the  breadth  of  the 
stream  as  weU  as  on  the  radius  of  curvature,  and  that  every 
angle  of  elbow  will  require  a  certain  proportion  between  the 
width  of  th^  river  and  the  radiu  -  of  the  bwecp.     M.  Buat 
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^ves  rules  and  fcunnulas  for  all  these  purposes,  and  shows 
that  in  one  sweep  there  may  be  more  than  one  reflection  or 
rebound.  It  is  needless  to  enlarge  on  this  matter  of  mere 
geometrical  discussion.  It  is  with  the  view  of  enabling  the 
engineer  to  trace  the  windings  of  a  river  in  such  a  manner 
that  there  shall  be  no  rebounds  which  shall  direct  the  stream 
against  the  sides^  but  preserve  it  always  in  the  axis  of  every 
reach.  This  is  of  consequence,  even  when  the  bends  of  the 
river  are  to  be  secured  by  masonry  or  piling ;  for  we  have 
seen  the  necessity  of  increasing  the  section,  and  the  tenden- 
cy which  the  waters  have  to  deepen  the  channel  on  that 
^de  where  the  rebound  is  made.  This  tends  to  undermine 
our  defences,  and  obliges  us  to  give  them  deeper  and  more 
solid  foundations  in  such  places.  But  any  person  accus- 
to^ied  to  the  use  of  the  scale  and  compasses  will  form  to 
himself  rules  of  practice  equally  siure  and  more  expeditious 
than  M.  de  Buat'*s  formulse. 

We  proceed,  therefore,  to  what  is  more  to  our  purpose, 
the  oonnderation  of  the  resistance  caused  by  an  elbow,  and 
the  methods  of  providing  a  force  capable  of  overcoming  it 
We  have  already  taken  nodce  of  the  salutary  consequences 
arising  from  the  rambling  course  of  rivers,  inasmuch  as  it 
more  effectually  spreads  them  over  the  face  of  a  country. 
It  is  no  less  beneficial  by  diminishing  their  velocity.  This 
it  does  both  by  lengthening  their  course,  which  diminishes 
the  declivity,  and  by  the  very  resistance  which  they  meet 
with  at  every  bend.  We  derive  the  chief  advantages  from 
our  rivers,  when  they  no  longer  shoot  their  way  from  pre- 
cipice to  predpice,  loaded  with  mud  and  sand,  but  peace- 
ably roll  along  their  clear  waters,  purified  during  their  gent- 
ler coiu*se,  and  o|kr  themselves  for  all  the  purposes  of  pas- 
turage, agriculture,  and  navigation.  The  more  a  river 
winds  its  way  round  the  foot  of  the  hills,  the  more  is  the 
resstance  of  its  bed  multiplied ;  the  more  obstacles  it  meets 
with  in  its  way  from  its  source  to  the  sea,  the  more  mode-' 
rate  is.  its  velocity ;  and  instead  of  tearing  up  the  very 
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bowds  of  the  eftrth,  and  digging  for  hiedf  a  deep  tradgh; 
along  wfaidi  it  sweepe  rocks  and  rooted-vp  trees,  it  fhmm 
with  majestici  pace  even  with  the  Borface  of  our  culdvatad 
grounds,  whtdi  it  embdlishes  and  fertifiaes. 

We  may  with  safety  proceed  on  the  snppoation,  dMft  the 
force  necessary  for  overcoming  the  reeistanee  arising  fRNn 
a  rebound  is  as  the  square  of  the  veiodty ;  and  it  is  raa* 
sonable  to  suppose  it  proportional  to  the  square  of  the  sine 
of  the  angle  of  inddence,  and  this  for  the  reasons  given  tait 
adopting  this  measure  of  the  general  RmsTAircB  of 
Fluids.  It  cannot,  however,  claim  a  greater  confidence 
here  than  in  that  application  ;  and  it  has  been  shown  in 
that  article  with  what  uncertunty  and  limitations  it  must  be 
received.  We  leave  it  to  our  readers  to  adopt  either  tins 
or  the  simple  ratio  of  the  rines,  and  shall  aUde  by  the  do* 
plicate  ratio  with  M.  Buat,  because  it  appears  by  his  es- 
periments  that  this  law  is  very  exactly  observed  in  tubes  in 
inclinations  not  exceeding  4^ ;  whereas  it  is  in  these  small 
angles  that  the  application  to  the  general  resistance  of 
fluids  is  most  in  fault  But  the  correction  is  very  simple, 
if  this  value  shall  be  found  erroneous.  There  can  be  Uttle 
doubt  that  the  force  necessary  for  overcoming  the  resistance 
will  increase  as  the  number  of  rebounds.— Therefore  we 
may  express  the  resistance,  in  general,  by  the  formula  r  =s 

;  where  r  is  the  resistance,  V  the  mean  velocity  of 

the  stream,  s  the  sine  of  the  angle  of  incidence,  n  the  num- 
ber of  equal  rebounds  (that  is,  having  equal  angles  of  in- 
ddence),  and  m  is  a  number  to  be  determined  by  experi- 
ment M.  de  Buat  made  many  experiments  on  the  re- 
sistance occasioned  by  the  bcndings  of  pipes,  none  of  whidi 
differed  from  the  result  of  the  above  formula  above  one 
part  in  twelve ;  and  he  concludes,  that  the  resistance  to 

one  bend  may  be  estimated  at  ^r^rrr^.   The  experiment  was 

in  this  form  :  A  pipe  of  1  inch  diameter,  and  10  foet  long. 
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ftnnd  with  10  idbounds  of  36^  eaA.  A  betdaf 
imUrmui  applied  to  it,  which  gave  the  water  a  vdodtj  of 
fix&Ktper  second*  Another  pipe  of  the  fame  diameter 
and  length,  but  without  any  bendings,  was  salgected  to  a 
pmsure  of  a  head  of  water,  which  was  inereased  till  die 
vdodty  of  efflux  was  also  six  feet  per  second.  The  addi- 
tional head  of  water  was  5^v  inches.  Another  of  the  same 
diameter  and  length,  having  one  bend  of  %4fi  84^,  and  ran* 
mng  96  'unheBper  second,  was  oompared  with  a  straight 
pipe  having  the  same  velodty,  and  the  difference  of  the 
heads  of  water  was  ^q  of  an  inch.  A  oomputatioa  from 
these  two  experiments  will  give  the  above  result,  or,  in 

that  this  measure  of  the  renstance  is  too  great ;  for  the 
pipe  was  of  umfiMrm  diameter  even  in  the  bends ;  whereas  ia 
a  river  properly  formed,  where  the  regimen  is  exact,  the  ca- 
paei^  of  the  section  of  the  bend  is  increased. 

The  appheatioa  of  this  theoiy  to  inclined  tubes  and  to 
open  streams  is  very  obvious,  and  very  legitimate  and  safe. 
Let  AB  (Fig.  18.)  be  the  whole  height  of  the  reservoir 
ABIK,  and  BC  the  horizontal  length  of  a  pipe,  contuning 
any  mmiber  of  rebounds,  equal  or  unequal,  but  all  regular^ 
that  is,  oonstrucled  according  to  the  conditions  formerly 
mentioned.  The  whole  head  of  water  should  be  conceived 
as  performing,  or  as  divided  into  portions  which  perform, 

three  different  offices.— One  portion  AD  =  -jyrrgf   impels 

the  water  into  the  entry  of  the  pipe  with  the  velocity  widi 
which  it  really  moves  in  it ;  another  portion  EB  is  in  equi- 
librio  wkh  the  resistances  ariung  from  the  mere  length  of 
the  pipe  expanded  into  a  straight  line ;  and  the  third  por* 
tion  D£  serves  to  overoome  the  resistance  of  the  b^s. 
If,  therefore,  we  draw  the  horizontal  line  BC,  and,  taking 
the  pipe  BC  out  of  its  jdace,  put  it  in  the  position  DH, 
with  its  mouth  C  in  H,  so  that  DH  is  equal  to  BC,  the 
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water  will  have  the  same  yekxnty  in' it  that  it  had  befixc^- 
A^.  A— -For  greater  aunpUcity  of  argument^  we  may  -eupr 
pose  that  when  the  pipe  was  inserted  at  B,  its  bends  all  lajr 
in  a  horizontal  plane,  and  that  when  it  is  inserted'iit-D,  Ate 
pUne  in  which  all  its  bends  he,  slopes  only  in  the  dinctioD' 
DH,  and  is  perpendicular  to  the  plane  of- the  figure.    We 
repeat  it,  the  water  will  have  the  same  velocity  in  the. 
pipes  BC  and  DH,  and  the  reostanoes  will  be  overoomei 
If  we  now  prolong  the  pipe  DH  towards  L  to  any  diHr 
tance,  repeating  continually  the  same  bendings  in  a  seriei, 
of  lengths,  each  equal  to  DH,  the  motion-wilLbe  continued' 
with  the  velocity  corresponding  to  the  pressure]  of  the: 
column  AD ;  because  the  declivity  of  the  jnpe  is  augment- 
ed in  each  length  equal  to  DH,  by  a  quantity  predsdy 
sufficient  for  overcoming  all  the  reastances  in  that  length.;- 
and  the  true  slc^  in  thede  cases  is  BE  -f-  ED,  divided  hf 
the  expanded  length  of  the  pipe  BC  or  DH. 

The  analogy  which  we  were  enabled  to  establidi  between 
the  uniform  motion  or  the  train  of  pipes  and  of  open 
streams,  entitles  us  now  to  say,  that  when  a  river  has  bend- 
ings, which  are  regularly  repeated  at  equal  intervals,  its 
slope  is  compounded  of  the  slope  which  is  necessary  for 
overcoming  the  resistance  of  a  straight  channel  of  its  whole 
expanded  length,  agreeably  to  the  formula  for  uniform  mo- 
tion, and  of  tlie  slope  which  is  necessary  for  overcoming  the 
resistance  arising  from  its  bendings  alone. 

Thus,  let  there  be  a  river  which,  in  the  expanded  course 
of  GOOO  fathoms,  has  1 0  elbows,  each  of  which  has  80^  of 
rebound ;  and  let  its  mean  velocity  be  20  inches  in  a  second. 
If  we  would  learn  its  whole  slope  in  tliis  6000  fathoms, 
we  must  first  find  (by  the  formula  of  uniform  motion)  the 
slope  s  which  will  produce  the  velocity  of  £0  inches  in  a 
straight  river  of  this  length,  section,  and  mean  depth.  Sup- 
pose this  to  be  2^  Jo  jj,  or  20  inches  in  this  whole  length. 

We  must  then  find  (by  the  formula  -jToTwr*  j  ^'^^  slope  ne- 

7 
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oesBBnr  for  overooming  the  resistance  of  10  rebounds  of 
SOP  each.  This  we  shall  find  to  be  6|  inches  ki  the  6000 
fathoms*  Therefore  the  river  must  have  a  slope  of  S6| 
indies  in  6000  fathoms,  or  T^ioo ;  and  this  slope  will  pro- 
duce the  same  velocity  which  ^  inches,  or—  9^(0  (j,  would 
do  in  a  straight  running  river  of  the  same  length. 


pabt  II.— practical  inferences. 

Having  thus  established  a  theory  of  a  most  important 
part  of  hydraulics,  which  may  be  confided  in  as  a  just  re- 
presentation of  nature^s  procedure,  we  shall  apply  it  to  the 
examination  of  the  chief  results  of  every  thing  which  art 
has  contrived  for  limiting  the  operations  of  nature,  or  mo- 
dSfymg  theni  so  as  to  suit  our  particular  views.  Trusting 
to  the  detail  which  we  have  given  of  the  connecting  prio;- 
dfies^  and  the  chief  circumstances  which  co-operate  in  pro- 
duemg  the  ostensible  efiect ;  and  supposing  that  such  of 
our  readers  as  are  interested  in  this  subject  will  not  think 
It*  too  much  trouble  to  make  the  applications  in  the  same 
detail*;  we  shall  content  ourselves  with  merely  pcnnting 
out  the  steps  of  the  process,  and  showing  their  foundation 
in  the  theory  itself:  and  frequently,  in  place  of  the  direct 
analjTsis  which  the  theory  enables  us  to  employ  for  the 
solution  of  (he  problems,  wc  shall  recommend  a  process 
of  approximation  by  trial  and  correction,  sufficiently  ac- 
curate, and  more  within  the  reach  of  practical  engineers. 
We  are  naturally  led  to  consider  in  order  the  fcdlowing 
articles 

1.  The  effects  fxf  permanent  additions  of  every  kind  to 
the  waters  of  a  river,  and  the  most  effectual  methods  of 
preventing  or  removing  inundations. 

2.  The  effects  of  weirs,  bars,  sluices,  and  keeps  of  every 
kind,  for  raising  the  surface  of  a  river ;  and  the  nmilar 
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dTeds  of  bridges,  piers,  and  every  thing  which 
the  section  of  the  stream, 

8.  The  nature  of  canals ;  bow  they  differ  from  rivers  a 
respect  of  origin,  discharge,  and  regimen,  and  what 
tions  are  necessary  for  their  most  perfect  constructKUL 

4.  Canals  for  draining  land,  and  drafts  or  canals  d'(ii> 
rivation  from  the  main  stream.  The  principles  of  tbor 
construction,  so  that  they  may  suit  their  intended  purpoui, 
and  the  change  which  they  produce  on  the  main  streiiDi 
both  above  and  below  the  point  of  derivation. 

Of  tie  Effect*  of  permanent  AddiHoiu  to  the  Water*  g/'fli 

Siver.  f 

( 

FsOH  what  has  been  said  already,  it  appears  that19 
every  kind  of  soil  or  bed  there  corresponds  a  certain  vdil 
city  of  current,  too  small  to  hurt  it  by  digging  it  up, 
too  great  to  allow  the  deposition  of  the  materials  wfaidi  jj^ 
ti  carrying  along.  Supposing  this  known  for  any  paitifi 
cular  situation,  and  the  quantity  of  water  which  the  chao-  " 
nel  must  of  necessity  discharge,  we  may  wish  to  learn  the 
smallest  slope  which  must  be  given  to  this  stream,  that 
the  waters  may  run  with  the  retjulred  velocity.  This  tug- 
gesta 

Fbob.  I.  Given  tlie  discharge  U  of  a  river,  and  V  its 
velocity  of  regimen  :  required  the  smallest  sli^  t,  and  the 
d'unensions  of  its  bed  P 

Since  the  slope  must  be  the  smallest  possible,  the  bed 
must  have  the  form  which  will  give  the  greatest  mean  depth 
d,  and  should  therefore  be  the  trapezium  formerly  descrih.    1 
ed;  and  its  area  and  perimeter  are  the  same  with  those  of     I 
a  rectangle  whose  breadth  is  twice  its  height  h,     Thetc    | 

circumstances  give  us  the  equation  —  =  S  A*.      For  the     ■. 

area  of  the  section  is  twice  the  square  of  the  height,  and     | 
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the  dMdbaige  is  the  product  of  this  area  and  the  veloci^. 
Therefore  ^ ^  =A  and  ^-y-  =  the  breadth  ft. 

The  formula  of  uniform  motion  ^ves  s/  ^—  L  Vi+lfi 
= ^^ — - — .  Instead  of  ^  d  — Ojl j  put  its  equal 

^  —  — -  0,1,  and  every  thing  being  known  in  the  second 

member  of  this  equation,  we  easily  get  the  value  of  «  by  a 
few  trials  after  the  following  manner.  Suppose  that  the 
second  member  is  equal  to  any  number,  such  as  9.    First 

suppose  that  ^  s  is  =  9.  Then  the  hyperbolic  logarithm 
of  9+1,6  or  of  10,6  is  2,36.     Therefore  we  have  V  '"" 

L  V  s+\fi  =  9  —  «,36,  =  6,64 ;  whereas  it  should  have 
been  =  %  Therefore  say  6;64 :  9 =9 :  18,2  nearly.  Now 
suppose  that  ^  *  is  =  1 2,2.  Then  Ll2,'2+1,6  =  L13,8» 
=  S,6S5  nearly,  and  12,2  —  2,625  is  9,575,  whereas  \t 
diould  be  9-     Now  we  find  that  changing  the  value  of 

^^T"  from  9  to  12,2  has  changed  the  answer  from  6,64  to 
9,575,  or  a  change  of  3,2  in  our  assumption  has  made  a 
idiange  of  2,9S5  in  the  answer,  and  has  Ipft  an  error  of 
0,675.  Therefore  say  2,935 : 0,575  =  8,2 -^,628.  Then, 
taking  0,628  from  12,2,  we  have  (for  our  next  assump- 

tion  or  value  of  VT)  11,572.  Now  11,572  +  1,6  = 
18,172,  and  L  18,172  is  2,58  nearly.  Now  try  this  last 
value  11,672  —  2,58  is  9,008,  sufficiently  exact.  This 
may  serve  as  a  specimen  of  the  trials  by  which  we  may 
avoid  an  intricate  analysis. 

PaoB.  II.  Given  the  discharge  D,  the  slope  «,  and  the 
velocity  V,  of  permanent  regimen,  to  find  the  dimensions 
of  the  bed. 

Let  d?  be  the  undth,  and  y  the  depth  of  the  channel,  and 

S  the  area  of  the  section.    This  mast  be  =  -p  wfaieb  is 
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therefore  =  xt/    The  denominator  s  being  given,  we  may 
make  ^s  —  L  v^j  +  1,6  =  V  B,  and  the  formula  of  mean 

velocity  wiU  give  V  =  !?I(^^pM_0,8(^/^-  0,1), 

which  we  may  express  thus:  V  =  (V'^ — ^'^Ki/B — ^'^/ 

V  — 

wliich  gives  -5^;=-   =    >/  d  —  0,1) ;  and  finally, 

297  _  03 

VB 
+  0,1  =  \/d. 


297  _  0,3 


VB. 

Having  thus  obtained  what  wc  called  tlie  mean  depth, 

we  may  suppose  the  section  rectangular.     This  gives  d  = 
— ^ —     Thus  we  have  two  equations,  S=  »y  and  d  = 
xy 


x+2y 


=JQS- 


i 2g      g 

From  which  we  obtain  x  =  ^  /  ( ^7-3  j  +  al*     -^"^ 


g 
having  the  breadth  x  and  area  S,  wc  have  y  =  — .     And 

then  we  may  change  this  for  the  trapezium  often  men- 
tioned. 

These  are  the  chief  problems  On  this  part  of  the  sub- 
ject, and  they  enable  us  to  adjust  the  slope  and  channel  of 
a  river  which  receives  any  number  of  successive  permanent 
additions  by  the  influx  of  other  streams.  This  last  informs 
us  of  the  rise  which  a  new  supply  will  produce,  because 
the  additional  supply  will  require  additional  dimensions  of 
the  channel ;  and  as  this  is  not  supposed  to  increase  in 
breadth,  the  addition  will  be  in  depth.  The  question  may 
be  proposed  in  the  following  problem : 

PaoB.  in.  Given  the  slope  Sy  tlie  depth  and  the  base  of 
a  rectangidar  bed  (or  a  trapezium),  and  consequently  the 
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diflcbaige  D,  to  find  how  much  the  section  will  me^  if  the 

discharge  be  augmented  by  a  given  quantity. 

Let  A  be  the  hdght  after  the  augmentatioii,  and  wthe 

width  for  the  rectangular  bed.    We  have  in  any  uniform 

y 
current  V^=  — .  Raiang  this  to  a  square,  and 

^^      0,8 


putting  for  d  and  V  their  values  ■  .  and  — r  and 
making  -j^  —  0,3  =  K,  the  equation  becoines       ^.  = 

f     ,  y  +  0,1  J  .    Raising  the  second  member  to  a  square^ 

and  reducing,  we  obtain  a  cubic  equation,  to  be  solved  in 
the  usual  manner. 

But  the  solution  would  be  extremely  complicated.  We 
may  obtain  a  very  expeditious  and  exact  approximation 
from  this  consideration,  that  a  small  change  in  one  of  the 
dimensions  of  the  section  will  produce  a  much  greater 
change  in  the  section  and  the  discharge  than  in  the  mean 
depth  d.  Having  therefore  augmented  the  unknown  di- 
mension, which  is  here  the  height,  make  use  of  this  to 
form  a  new  mean  depth,  and  then  the  new  equation  \/d= 

D 

~jQQf7 ^  +  0,1  will  give  us  another  value  of  A, 

which  will  rarely  exoeed  the  truth  by  ^.  This  serves  (by 
the  same  process)  for  finding  another,  which  will  coipmcm* 
ly  be  sufficiently  exact.  We  shall  illustrate  this  by  an  ex- 
amjde. 

Let  there  be  a  river  whose  diannel  is  a  rectangle  150 
feet  wide  and  nx  feet  deep,  and  which  discharges  1500 
culnc  feet  of  water  per  second,  having  a  velodty  ot  90 
inches,  and  slope  of  \9izTf9  ^^^  about  y*^  of  an  inch  in 
100  fathoms.     How  much  will  it  rise  if  it  receives  an  ad- 

VOL.  IJ.  2  X 


Sn  TnOkTiiF  smnK 

%     '     •^         t^f  ....  J,'  I     ...»      r  ^r    .,     I    t    .l^'jjrf 

joatyr  . 

' 'irtiie  TcldtiHy  Mtttfttd  fhCf'rittiiis;  Ili  «kS^WmMte 

1D|Aed;  btttite%terf|ftlMripiinl«l'fMBablliiftSliS^ 

^  nill  l^  peatlj  uMteued,  md  tbeinUbre  its  defdtvill 

Mt be ti^ed.  Suppoteit tolbe doubkA, andto beedinBlS 

feet    This  will  ^e  d=s  10,34483,'  or  If4,l38  mefaa; 

dmtheequatioDVtf— M—  — 7^ r  or  ft  =« 


-9  and  in  whidi  we  have  ^B=s 


IOTA  D = 4S0O ;  •  J  —  0,1  =  11,0417^  wUl  ^  *= 
18^6;  whoMs^it  slioiild  have  been  12.  Tiusdyrirs 
lluit  oiir  eaknilated  ydue  of  il  intt  too  nnalL  LetwAoee- 
fixe  increase  the  depth  by  0,9j  or  make  it  12^  aadiqieat 

^  caloalaiion.  Thia  wiU  give  ua  V^— 0,1  =^  llj^f 
juid  h'=^  12,867,  instead  of  iai»276.  Therefore  npMift- 
ing  our  data  0,9  changes  our  answer  0,409.  If  we  sup- 
pose these  small  changes  to  retain  their  prc^xnrtions,  we 
may  conclude  that  if  13  be  augmented  by  the  quantity 
w  X  0,9,  the  quantity  13,276  will  diminish  by  the  quantity 
«fx  0,409.  Therefore,  that  the  estimated  value  afh  may 
agree  with  the  one  which  results  from  the  calculation,  we 
must  have  12+jt  X  0,9  =  18,276  —  or  x  0,409.    This  will 


1  9*711 

ijhre  «=  ~^y  =  0,9748,  and  xX0,9=  0,8778;  and 

h^=  13,8773.   If  we  repeat  the  calculation  with  this  value 
of  A,  we  shall  find  no  change. 

This  value  of  h  gives  d  =  181,8836  inches.     If  we  noir 
pute  the  new  velocity  by  dividing  the  new  dischaige 
by  the  new  area  150  x  12,8773,  we  shall  find  it  to 
be  27,95  inches,  in  place  of  20,  the  former  velocity. 
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We  m^t  hove  made  a  pretty  exact  first  aanimptioii^  by 
leeollectiDg  what  was  fennerly  observed,  that  when  the 
bieadth  is  voy  great  in  proportioii  to  the  depth,  the  mean 
depth  differs  insensibly  from  the  real  depth,  or  rather  fel- 
lows nearly  the  same  propcvtioDS,  and  that  the  vdoddes 
are  proportional  to  the  square  roots  of  the  deptha.  Call  die 
the  first  dischaige  dj  the  haght  A,  and  vdocity  v,  and  let 
D,  H,  and  V,  express  these  things  in  their  augmented 

state.    We  have  i;  ^  —-5  and  V  =  — rr»  and  ©  :  V  = 

wh  w  H' 

d      D  cP    D« 

^  :  ^,  and  x^  :  V«  =  ^,  :  g-^  Butbythisremarkt^:  V« 

=  & :  H.  Therefore  A :  H  =  —  :  «  and  -7=5-  =  -«-f 
and&''D<  =  H'd',  andcP:  D*=:  A?  :  IP  (a  useful  theb- 
rem)  and  W  =  -y-,  and  H  =     /ll^  a  12,49 


Or  we  might  have  made  the  same  assumption  by  the  re- 
mark also  formerly  made  on  this  case,  that  the  sqjuares  of 
the  discharges  are  nearly  as  the  cubes  of  the  b^gbt,  or 
1600«  :  4600«  =  6»  :  i2,48». 

And  in  making  these  fir9t  guesses  we  shall  do  it  more 

exactly,  by  recollecting  that  a  certain  variation  of  the  mean 

depth  d  requires  a  greater  variation  of  the  hei^t,  and  the 

increment  will  be  to  the  height  nearly  as  half  the  hei^t  to 

the  width,  as  may  eaoly  be  seen.    Therefore,  if  we  add 

6  24 
to  12,48  its  ^^th  part,  or  its  24th  part,  via.  0,62,  we  have 

18  for  our  first  assumption,  exceeding  the  truth  only  an 
inch  and  a  half.  We  mention  these  circumstances,  that 
those  who  are  disposed  to  fipply  these  doctrines  to  the  so- 
lution of  practical  cases  may  be  at  no  loss  when  one  occurs 
of  which  the  regular  solution  requires  an  intricate  ana-, 
lysis,  ,, 

It  is  evident  that  the  inverse  of  the  foregoing  problems 
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will  show  the  effects  of  enlarging  the  section  of  a  river^  that 
ifl^  will  show  how  much  its  surfiice  will  be  sunk  by  any 
proposed  enlargement  of  its  bed.  It  b  therefore  needless 
to  propose  such  problems  in  thb  place.  Common  sense  di. 
rects  us  to  make  these  enlargements  in  those  parts  of  the 
liver  where  their  efiect  will  be  the  greatest,  that  is,  where 
it  is  shallowest  when  its  breadth  greatly  exceeds  its  depth, 
or  where  it  is  narrowest,  (if  its  depth  exceed  the  breadth, 
which  is  a  very  rare  case),  or  in  general,  where  the  slope  is 
the  smallest  for  a  short  run. 

The  same  general  principles  direct  us  in  die  method  of 
embankments,  for  the  prevention  of  floods,  by  enabling  us 
to  ascertain  the  heights  necessary  to  be  ^ven  to  our  banks. 
This  will  evidently  depend,  not  only  on  the  ad^tional 
quantity  of  water  which  experience  tells  us  a  river  brings 
down  during  its  freshes,  but  also  on  the  distance  at  which 
we  place  the  banks  from  the  natural  banks  of  the  river. 
This  is  a  point  where  mistaken  economy  frequently  defeats 
its  own  purpose.     If  we  raise  our  embankment  at  some 
distance  from  the  natural  banks  of  the  river,  not  only  will 
a  smaller  height  suffice,  and  consequently  a  smaller  base, 
which  will  make  a  saving  in  the  duplicate  proportion  of  the 
height;  but  our  works  will  be  so  much  the  more  durable 
nearly,  if  not  exactly,  in  the  same  proportion.  For  by  thus 
enlarging  the  additional  bed  which  we  give  to  the  swollen 
river,  we  diminish  its  velocity  almost  in  the  same  propor* 
tion  that  we  enlarge  its  channel,  and  thus  diminish  its 
power  of  ruining  our  works.     Except,  therefore,  in  the  case 
of  a  river  whose  freshes  are  loaded  with  fine  sand  to  de- 
stroy the  turf,  it  is  always  proper  to  place  the  embankment 
at  a  considerable  distance  from  the  natural  banks.  Placing 
them  at  half  the  breadth  of  the  stream  from  its  natural 
banks,  will  neariy  double  its  channel ;  and,  except  in  the 
case  now  mentioned,  the  space  thus  detached  from  our 
fields  will  afford  excellent  pasture. 

The  limits  of  such  a  work  as  ours  will  not  permit  us  to 
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enter  into  any  detail  on  the  method  of  embankment.  It 
would  require  a  volume  to  give  instructioDs  as  to  the  maiw 
ner  of  founding,  raising,  and  securing  the  dykes  which 
must  be  raised,  and  a  thousand  circumstances  which  must 
be  attended  to.  But  a  few  general  observations  may  be 
made,  which  naturally  occur  while  we  are  conadering  the 
manner  in  which  a  river  works  in  settling  or  altering  its- 
channel. 

It  must  be  remarked,  in  the  first  place>  that  the  river 
will  rise  higher  when  embanked  than  it  does  while  it  was 
allowed  to  spread ;  and  it  is  by  no  means  easy  to  conclude 
to  what  hoght  it  will  rise  from  the  greatest  height  to  which 
it  has  been  observed  to  rise  in  its  floods.  When  at  liberty 
to  expand  over  a  wide  valley,  then  it  could  only  rise  till  it- 
overflowed  with  a  thickness  or  depth  of  water  sufficient.to 
produce  a  motion  backwards  into  the  valley  quick  enough 
to  take  off  the  water  as  fast  as  it  was  supplied ;  and  we 
ima^ne  that  a  fixit  or  two  would  suffice  in  most  cases.  The 
best  way  for  a  prudent  en^neer  will  be  to  observe  the  ut- 
most rise  remembered  by  the  neighbours  in  some  goige,- 
where  the  river,  cannot  spread  out.  Measure  the  increased 
section  in  this  place,  and  at  the  same  time  recollect,  that 
the  water  increases  in  a  much  greater  proportion  than  the 
section ;  because  an  increase  of  the  hydraulic  mean  depth 
produces  an  increase  of  velocity  in  the  duplicate  proportion 
of  the  depth  nearly.  But  as  this  augmentation  of  velocity 
wUl  obtain  also  between  the  embankments,  it  will  be  sufii« 
dently  exact  to  suppose  that  the  section  must  be  increased 
here  nearly  in  the  same  proportion  as  at  the  gorge  already 
mentioned.  Neglecting  this  method  of  information,  and 
regulating  the  height  of  our  embankment  by  the  greatest 
swell  that  has  been  observed  in  the  plain,  will  assuredly 
make  them  too  low,  and  render  them  totally  useless. 

A  line  of  embankment  should  always  be  carried  on  by  a 
strict  concert  of  the  proprietors  of  both  banks  through  its 
whole  extent    A  greedy  proprietor,  by  advancing  his  own 


506  'raSOBT  OF  RITEBfi. 


embankment  beyond  that  of  his  neighboun,  not  only  ex- 
poses himself  to  risk  by  the  working  of  the  waters  on  the 
ang^  which  this  will  produce,  but  exposes  his  neighbours 
also  to  danger,  by  narrowing  the  section,  and  thereby 
raking  the  surface  and  increasbg  the  vdodty,  and  by  turn- 
ing the  stream  athwart,  and  cauang  it  to  shoot  agunst  the 
opposite  bank.  The  whole  should  be  as  mudi  as  possible 
in  a  line ;  and  the  general  effect  should  be  to  make  the 
course  of  the  stream  straighter  than  it  was  befiva  All 
bends  should  be  made  more  gentle,  by  keeping  theembank- 
meai  further  from  the  river  in  all  convex  lines  of  the  natu- 
ral bank,  and  bringing  it  nearer  where  the  bank  is  concave. 
This  will  greatly  diminish  the  action  of  the  watas  on  the 
bankmeni,,  and  ensure  their  duration.  The  same  maxim 
must  be  followed  in  fendng  any  brook  which  disdiaiges  it- 
self into  the  river.  The  bends  pven  at  its  mouth  to  the 
two  lines  of  embankment  should  be  made  less  acute  than 
those  of  the  natural  brook,  although,  by  this  means,  two 
points  of  land  are  led  out  And  the  opportunity  should  be 
embraced  of  making  the  direction  of  this  transverse  brook 
more  sloping  than  before,  that  is,  less  athwart  the  direction 
of  the  river. 

It  is  of  great  consequence  to  cover  the  outside  of  the  dyke 
mth  very  compact  turf  closely  united.  If  it  admit  water, 
the  interior  part  of  the  wall,  which  is  always  more  porous, 
becomes  drenched  in  water,  and  this  water  acts  with  its  sta- 
tical pressure,  tending  to  burst  the  bank  on  the  land-side, 
and  will  quickly  shift  it  from  its  seat.  The  utmost  care 
should  therefore  be  taken  to  make  it  and  keep  it  perfectly 
tight.  It  should  be  a  continued  fine  turf,  and  every  bare 
spot  should  be  carefully  covered  with  fresh  sod ;  and  raU 
holes  must  be  carefully  closed  up. 

Of  ttraighting  or  cJuingvig  tlie  Course  of  Rivers, 

We  have  seen,  that  every  bending  of  a  river  requires  an 
additional  slope  in  order  to  continue  its  train,  or  enable  it 
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to  convey  the  same  quantity  of  water  without  swelling  in 
its  bed.  Therefore  the  eSSsct  of  taking  away  any  of  these 
bends  must  be  to  Auk  the  waters  of  the  river.  It  is  proper, 
therefore,  to  have  it  in  our  power  to  estimate  these  effects. 
It  may  be  desirable  to  gain  property,  by  taking  away  the 
sweeps  of  a  very  winding  stream.  But  diis  may  be  prgu- 
dicial,  by  destrojring  the  navigation  on  such  a  river.  It 
may  also  hurt  the  proprietors  below,  by  increasing  the  ve- 
locity of  the  stream,  which  will  expose  them  to  the  risk  of 
its  overflowing,  or  of  its  destroying  its  bed,  and  taking  a 
new  course.  Or  this  increase  of  velodty  may  be  inconsist- 
ent with  the  regimen  of  the  new  channel,  or  at  least  require 
larger  dimensions  than  we  should  have  pven  it  if  ignorant 
of  this  effect 

Our  principles  of  uniform  motion  enable  us  to  answer 
every  question  of  this  kind  which  can  occur ;  and  M.  de 
Buat  proposes  several  problems  to  this  effect  The  regu- 
lar solutions  of  them  are  complicated  and  diflScult ;  and  we 
do  not  think  them  necessary  in  this  place,  because  they  may 
all  be  scdved  in  a  manner  not  indeed  so  elegant,  because  in 
direct,  but  abundantly  accurate,  and  easy  to  any  person  fa- 
miliar with  those  which  we  have  already  conudered. 

We  can  take  the  exact  level  across  all  these  sweeps,  and 
thus  obtain  the  whole  slope.  We  can  measure  with  accu- 
ral the  velocity  in  some  part  of  the  channel  which  is  most 
remote  from  any  bend,  and  where  the  channel  itself  has  the 
greatest  regularity  of  form.  This  will  give  us  the  expense 
or  discharge  of  the  river,  and  the  mean  depth  connected 
with  it  We  can  then  examine  whether  thb  velodty  is 
predsely  such  as  is  compatible  with  stability  in  the  straight 
course.  If  it  is,  it  is  evident  that  if  we  cut  off  the  bends, 
the  greater  slope  which  this  will  produce  will  communicate 
to  the  waters  a  velocity  incompatible  with  the  regimen  suit- 
'ed  to  this  scnl,  unless  we  enlarge  the  width  of  the  stream, 
that  is,  unless  we  make  the  new  channel  more  capacious 
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than  the  old  one.  We  must  now  calculate  the  dimenrions 
bf  the  channel  which,  with  thia  increased  sk^pe,  will  conduct 
the  waters  with  the  yelodty  that  is  necessary.  All  thia 
may  be  done  by  the  foregoing  problems;  and  we  may  ea- 
siest accomplish  this  fay  steps.  First,  suppose  the  bed  the 
same  with  the  old  one,  and  calculate  the.relooty  finr  the 
increased  slope  by  the  general  formula.  Then  chmge  one 
of  the  dimen»ons  of  the  channel,  so  as  to  produce  the  vela- 
city  we  want,  which  is  a  very  umpie  process.  And  in  do- 
ing this,  the  object  to  be  kept  chiefly  in  view  is  not  to  make 
the  new  velocity  such  as  will  be  incompatible  with  the  sta- 
bility of  the  new  bed. 

Having  accomplished  this  first  purpose,  we  learn  (in  the 
very  solution)  how  much  shallower  this  channel  mlh  its 
greater  slope  will  be  than  the  former,  while  it  dischaiges 
all  the  waters.  This  diminution  of  depth  must  increase 
the  slope  and  the  velocity,  and  must  diminish  the  deptii  of 
the  iivcT,  above  the  place  where  the  alteration  is  to  be 
made.  How  far  it  produces  these  effects  may  be  calculat- 
ed by  the  general  formula.  We  then  see  whether  the  na- 
vigation will  be  hurt,  either  in  the  old  river  up  the  stream, 
or  in  the  new  channel.  It  is  plain  that  all  these  points  can- 
not be  reconciled.  We  may  make  the  new  channel  such,  that 
It  shall  leave  a  velocity  compatible  with  stability,  and  that 
it  shall  not  diminish  the  depth  of  the  river  up  the  stream. 
But,  having  a  greater  slope,  it  must  have  a  smaller  mean 
depth,  and  also  a  smaller  real  depth,  unless  we  make  it  oS 
a  very  inconvenient  form. 

The  same  things,  viewed  in  a  different  light,  will  show 
us  what  dcprcs^on  of  waters  may  be  produced  by  rectify- 
ing the  course  of  a  river  in  order  to  prevent  its  overflowing. 
And  the  process  which  we  would  recommend  is  the  same 
with  the  foregoing.  We  apprehend  it  to  be  quite  needless  to 
measure  the  angles  of  rebound,  in  order  to  compute  the  slope 
which  is  employed  for  sending  the  river  through  the  bend, 
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with  a  view  to  supenede  this  by  stnughting  the  river.  It 
is  infinitely  cmer  and  more  eiitct  to  measure  the"  levels 
themuelves,  and  then*  we  know  the  efiect  of  removing  them. 
Nor  need  we  £oilow  M.  de  Buat  in  solving  problems  for 
diminishing  the  slope  and  velocity,  and  deepening  the  chan- 
nel of  a  river  bybending  its  course.  The  expense  of  this 
would  be  in  every  case  enormous;  and  the  pracdoes  whidi 
we  are  just  going  to  enter  upon  afibrd  infinitdy  easier  me- 
thods of  accomplishing  all  the  purposes  whidi  are  to  be 
gained  by  thesechanges. 

Of  Bars,  Weirs,  and  Jetties,  for  raising  ihe  Surfhce  qf 

Rivers. 

W£  propose,  under  the  article  Wateb-Wokks,  to  con- 
sider in  vufiicient  practical  detail  all  that  relates  to  the  coii^ 
struction  and  medianism  of  these  and  other  erections  in 
water ;  and  we  oonfine  ourselves^  in  this  place,  to  the  mete 
efiect  which  they  will  produce  on  the  current  of  the  river. 

We  gave  the  name  of  weir  or  bar  to  a  dam  erected 
across  a  river  for  the  purpose  of  raising  its  waters,  whether 
in  order  to  take  off  a  draft  for  a  mill  or  to  deepen  the  chan- 
nel. Before  we  can  tell  the  effect  which  they  will  produce, 
we  must  have  a  general  rule  for  ascertaining  the  relation 
between  the  height  of  the  water  above  the  lip  of  the  war 
or  bar,  and  the  quantity  of  water  which  will  flow  over. 

First,  then,  with  respect  to  a  weir,  represented  in 
Fig.  19»  20.  The  latter  figure  more  resembles  their 
usual  form,  ocmsisting  of  a  dam  of  solid  masonry,  or 
built  of  timber,  properly  fortified  with  shears  and  banks; 
On  the  top  is  set  up  a  strong  plank  FR,  called  the  waste- 
board,  or  waster,  over  which  the  water  flows.  This  is 
brought  to  an  accurate  level,  of  the  proper  height  Such 
venders  are  frequently  made  in  the  ride  of  a  mill-course, 
for  lettmg  the.  superfluous  water  run  off.  This  is  properly 
the  waster,  voider:  it  is  also  esUed  an  qffiei.    The  same 
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observattons  will  explain  all  theae  different  jneces  of  pmc- 
tioe.     The  following  queationfl  occur  in  ooune : 

FmoB.  I.  Given  the  length  of  an  offset  or  wastebnardy 
made  in  the  fiioe  of  a  reservoir  of  stagnant  water,  and  the 
depth  of  its  lip  under  the  horizontal  surface  of  the  water^ 
to  determine  the  discharge,  or  the  quantity  of  waterwhidi 
will  run  over  in  a  second? 

Let  AB  be  the  horueontal  surface  of  the  still  water,  and 
F  the  lip  of  the  wasteboard.  Call  .the  .dqith  BF  under 
the  surface  A,  and  the  length  of  the  wasteboard  L  JVl  JB. 
The  water  is  supposed  to  flow  over  into  another  basin  or 
channel,  so  much  lower  that  the  surface  HL  of  the  water 
is  lower,  or  at  least  not  higher,  than  F. 

If  the  water  could  be  suj^Knrted  at  the  hdght  BF,  BF 
might  be  conadered  as  an  orifice  in  the  ode  of  a  vessdL 
In  which  case,  the  discharge  would  be  the  same  as  if  the 
whole  water  were  flowing  with  the  velocity  acquired  finom 
the  height  i  BF,  or  |  A.  And  if  we  suppose  that  there  is 
no  contraction  at  the  orifice,  the  mean  velocity  would  be 

'^^gv  K  =  ^772  J  A,  in  English  inches  per  second.  The 
area  of  this  orifice  is  /  A.     Therefore  the  discharge  would 

helh  'J  112%  h,  all  being  measured  in  indies.  This  is  the 
usual  theory  ;  but  it  is  not  an  exact  representation  of  the 
manner  in  which  the  efflux  really  happens.  The  wata 
cannot  remain  at  the  height  BF  ;  but  in  drawing  towards 
the  wasteboard  from  all  sides,  it  forms  a  convex  surface 
AIH,  so  that  the  point  I,  where  the  vertical  drawn  from 
the  edge  of  the  wasteboard  meets  the  curve,  is  con^deraUy 
lower  than  B.  But  as  all  the  mass  above  F  is  supposed 
perfectly  fluid,  the  pressure  of  the  incumbent  water  is  pro- 
pagated, in  the  opinion  of  M.  de  Buat,  to  the  filament 
passing  over  at  F  without  any  diminution.  The  same  may 
be  said  of  any  filament  between  F  and  I.  Each  tends, 
therefore,  to  move  in  the  same  manner  as  if  it  were  really 
impelled  through  an  orifice  in  its  place.     Therefore  the 
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motions  through  eveiy  pert  of  the  line  or  plane  IF  are 
the  same  as  if  the  water  were  escaping  throagh  an  orifice 
IF,  made  by  a  sluice  let  down  on  the  water,  and  keejnng 
up  the  water  of  the  reservcnr  to  the  level  AB.    It  is  be- 
yond  a  doubt  (says  he)  that  the  height  IF  must  depend 
on  the  idiole  hdght  BF,  and  that  there  must  be  a  certain 
determined  proportion  between  them.     He  does  not  at- 
tempt to  determine  this  proportion  theoretically,  but  says, 
that  his  experimoits  am^rtain  it  with  great  precision  to  be       i 
the  proportion  of  one  to  two,  or  that  IF  is  always  one-half        j 
of  BF.     He  says,  however,  that  this  determinadon  was        ( 
not  by  an  immediate  and  cUrect  measurement ;  he  conclude        \ 
ed  it  from  the  comparison  of  the  quantities  of  water  dis-         I 
charged  under  different  heights  of  the  water  in  the  re-         } 
servoir.  """"'^ 

We  cannot -help  thinking  that  this  reasoning  is  very  de- 
fective in  several  particulars.  It  cannot  be  inferred,  from 
the  laws  of  hydrostatical  pressure,  that  the  filament  at  I 
is  pressed  forward  with  all  the  weight  of  the  column  BI. 
The  particle  I  is  really  at  the  surface ;  and  considering 
it  as  making  part  of  the  surface  of  a  running  stream, 
it  is  subjected  to  hardly  any  pressure,  any  more  than 
the  particles  on  the  surface  of  a  cup  of  water  held  in 
the  hand,  while  it  b  carried  round  the  axis  of  the  earth 
and  round  the  sun.  Reasoning  according  to  his  own  prin- 
ciples, and  availing  himself  of  his  own  discovery,  be  should 
say,  that  the  particle  at  I  has  an  accelerating  force  depend- 
ing on  its  slope  only ;  and  then  he  should  have  endeavour- 
ed to  ascertain  this  slope.  The  motion  of  the  particle  at 
I  has  no  immediate  connection  with  the  pressure  of  the 
column  BI ;  and  if  it  had,  the  motion  would  be  extremely 
different  from  what  it  is :  for  this  pressure  alone  woul j 
give  it  the  velocity  which  M.  Buat  assigns  it  Now  it  is 
already  passing  through  the  point  I  with  the  velocity  which 
it  has  acquired  in  descending  along  the  curve  Al ;  and 
this  is  the  real  state  of  the  case.  The  particles  are  passing 
through  with  a  velocity  already  acciuircd  by  a  sloping  cut- 
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rent ;  and  they  are  accelerated  by  the  faydrostatical  pres- 
sure of  the  water  above  them.  The  internal  mechanum 
of  these  motions  is  infinitely  more  complex  than  M.  Boat 
here  supposes;  and  on  this  supposition  he  very  nearly 
abandons  the  theory  which  he  has  so  ingeniously  establish- 
ed, and  adopts  the  theory  of  Guglielmini  which  he  had  ex- 
ploded. At  the  same  time^  we  think  that  he  is  not  mudi 
mistaken  when  he  assarts,  that  the  motions  are  nearly  the 
same  as  if  a  sluice  had  been  let  down  from  the  surface  tol. 
For  the  filament  which  passes  at  I  has  been  gliding  down 
a  curved  surface,  and  has  not.  been  exposed  to  any  frictioD. 
It  is  perhaps  the  very  case  of  hydraulics,  where  the  ob- 
structions are  the  smallest ;  and  we  should  therefore  ex- 
pect that  its  motion  will  be  the  least  retarded. 

We  have  therefore  no  hesitation  in  saying,  that  die  fila- 
ment at  I  is  in  the  very  state  of  motion  which  the  theory 
would  assign  to  it  if  it  were  passing  under  a  sluice,  as  M. 
Buat  supposes.  And  with  respect  to  the  inferior  filaments, 
without  attempting  the  very  difficult  task  of  investigating 
their  motions,  we  shall  just  say,  that  we  do  not  see  any 
reason  for  supposing  that  they  will  move  slower  than  our 
author  supposes.  Therefore,  though  we  reject  his  tlieory, 
we  admit  his  experimental  proposition  in  general ;  that  is, 
we  admit  tliat  the  wJwle  water  which  passes  through  the 
plane  IF  moves  with  the  velocity  (though  not  in  the  same 
direction)  with  which  it  would  have  run  through  a  sluice 
of  the  same  depth  ;  and  we  may  proceed  with  his  deter- 
mination of  the  quantity  of  water  discharged* 

If  we  make  BC  the  axis  of  a  parabola  BEGK,  the  ve- 
locities of  the  filaments  passing  at  I  and  F  will  be  repre- 
sented by  the  ordinates  IE  and  FG,  and  the  discharge 
by  die  area  lEGF.  This  allows  a  very  neat  solution  of 
the  problem.  Let  the  quantity  discharged  per  second  be 
D,  and  let  the  whole  height  BF  be  h.  Let  2  G  be  the 
quantity  by  which  wc  must  divide  the  square  of  the  mean 
velodty,  in  order  to  have  the  producing  height.  Tiiis  will 
be  less  than  2  g^  the  acceleration  of  gravity,  on  account  of 
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the  o(mvei|;ieiicy  at  the  aides  and  the  tendency  to  conver«> 
goice  at  ^e  lip  F.  We  formerly  gave  for  its  measure 
786  indies,  instead  of  772,  and  said  that  the  inches  dis- 
diarged  per  second  from  an  orifice  of  one  inch  were  26,49> 
instead  of  ST^TB.  Let  ^  be  the  distance  of  any  filament 
from  the  horizontal  line  AB.    An  element  of  the  orifice, 

therefore,  (for  we  may  pve  it  this  name)  is  Ix,  The  ve- 
locity of  this  element  is  ^ 2G ar, or  VSGx  -i/*.  The 
discharge  from  it  is  2  VS6»    x,  and  the  fluent  of  this,  or 

I>=jf' V2Gx  *  i,  which  is  I  /  vTGx  "  +  C.     To 

determine  the  constant  quantity  C,  observe  that  M .  dc 
Buat  found  by  experiment  that  BI  was  in  all  cases  ^  BF. 
Therefore  D  must  be  nothing  when  x  =  i  h;  consequently 

C  =  —  I  i  VTG^^  V   and  the  completed  fluent  wUl  be 

D  =  |/v2G(x8-(^)8). 
Now  make  a?  =  A,  and  we  have 

But  1  _  Q)  "^  =s:  0,64646,  and  §  of  this  is  0,481 :  There- 
fore, finally, 

D  =  0,431  (V  2^  A  }  X  ly 

If  we  now  put  26,49  or  26^  for  V^G,  or  the  velocity 
with  which  a  "head  of  water  of  one  inch  will  impel  the  wa- 
ter over  a  weir,  and  multiply  thb  by  0,481,  we  get  the 
following  quantity,  11,4172,  or,  in  numbers  of  easy  recol- 
lection, 1 1^,  for  the  cubic  inches  of  water  per  seccmd,  which 
mns  over  every  inch  of  a  wasteboard  when  the  edge  of  it 
is  one  inch  below  the  surface  of  the  reservoir ;  and  this 

J 

inusl  be  multiplied  hjh  ,  or  by  the  square  root  of  the 

cube  of  the  head  of  water.  .  Thus  let  the  edge  of  the  waste- 
board  be  four  inches  below  the  surface  of  the  water.    The 
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cube  of  this  b  64^  of  which  the  square  root  is  eight  Thne- 
fore  a  waateboard  of  this  depth  under  the  aurfiwe^  and 
three  feet  long,  will  discharge  every  second  8  x 36X  il^ 
cubic  inches  of  water,  or  1  /,|  cubic  feet,  Kngliwh  measam 
The  following  comparisons  will  show  how  much  tUi 
theory  may  be  depended  on.  Column  1.  shews  the  dqich 
of  the  edge  of  the  board  under  the  surfisoe ;  2,  shows  the 
discharge  by  theory ;  and  8,  the  discharge  actually  ob> 
served.  The  length  of  the  board  was  18|  inches.  N.  E— 
The  number  in  M.  Buat^s  experiments  are  here  veduoed 
to  English  measure : 

D.  D«  Theor.  D.  Bxp.  E. 

1,778  506  BU  28,98 

8,199  1S22  1218  69,83 

4,665  S153  S155  123,03 

6,753  3750  3771  214,29 

The  last  column  is  the  cubic  inches  discharged  in  a  secood 

by  each  inch  of  the  wasteboard.     The  correspondence  is 

^undoubtedly  very  great.     The  greatest  enor  is  in  the 

first,  which  may  be  attributed  to  a  much  smaller  lateral 

contraction  under  so  small  a  head  of  water. 

But  it  must  be  remarked,  that  the  calculation  proceeds 
on  two  suppositions.  The  height  FI  is  supposed  ^  ofBF ; 
and  2  6  is  supposed  726.  It  is  evident,  that  by  increas- 
ing  the  one  and  diminishing  the  other,  nearly  the  same 
answers  may  be  produced,  unless  much  greater  variations 
of  A  be  examined.  Both  of  these  quantities  arc  matters  of 
considerable  uncertainty,  particularly  the  first ;  and  it  must 
be  farther  remarked,  that  this  was  not  measured,  but  de- 
duced from  the  uniformity  of  the  experiments.  We  pre- 
sume that  M .  Buat  tried  various  values  of  G,  till  he  found 
one  which  gave  the  ratios  of  discharge  which  he  observed. 
We  beg  leave  to  observe,  that  in  a  set  of  numerous  expe- 
riments which  we  had  access  to  examine,  BI  was  uniformly 
much  less  than  i  ;  it  was  nearly  f  :  and  the  quantity  dis- 
charged was  greater  than  what  would  result   from  M. 
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Buaf  8  calculation.  It  was  farther  obserred,  that  IF  de- 
pended  very  much  on  the  form  of  the  wasteboafd.  When 
it  was  a  very  thin  boaid  of  oonsidmible  depth,  IF  was  Tery 
conriderably  greater  than  if  the  board  was  thick,  or  narrow, 
and  set  on  the  top  of  a  broad  dam-head,  as  in  Fig.  90. 
It  may  be  proper  to  give  the  fiMrmula  a  form  which  will 
correspond  to  any  ratio  wMdi  experience  may  disoorer  be. 

tween  BF  and  IF.    Thus,  let  BI  be  —  BF.    The  for- 

mula  win  be  D  =  f  i  V2G  (l  — (^y)  *  ' 

We  presume,  therefore,  that  the  following  table  will  be 
acceptable  to  practicable*  engineers,  who  are  not  familiar 
with  such  computations.  It  contains,  in  the  first  column, 
the  depth  in  English  inches'from  the  surface  of  the  stag- 
nant water  of  a  reservoir  to  the  edge  of  the  wasteboard. 
The  second  column  is  the  cubic  feet  of  water  discharged 
in  a  minute  by  every  inch  of  the  wasteboard : 


Drpih. 

Discharge* 

Dfplh. 

IHttharge, 

1 

0,403 

10 

12,748 

2 

1,140 

11 

# 

14,707 

S 

2,095 

12 

16,758 

4 

3,825 

13 

18,895 

5 

4,607 

14 

21,117 

6 

5,935 

15 

23,419 

7 

7,466 

16 

25,800 

8 

9,132 

17 

28,258 

9 

10,884 

18 

80,786 

When  the  dcpdi  does  not  exceed  four  inches,  it  will  not 
be  exact  enough  to  take  proportional  parts  for  the  fracticms 
of  an  inch.     The  folbwing  method  is  exact : 

If  they  be  odd  quarters  of  an  inch,  look  in  die  taUe  for 
as  many  inches  as  the  depth  eontains  quarters,  and  take 
llie  eighth  part  of  the  answer.    Thus>  for  9f  inches,  take 


S13 

.Tkk1«iMM7.       .  u,-  .....  .  ...:,  ^..  .  :  ,'..    . 

If  the  imrtdnK4;kjp($  oil  t]»  i«  dCiftt^fii^- ^^ 
jMiBBinip  itiMlii*  ■n.wut.flufliHiit  ihs^liMlianAtliKaHikb 

/w^^F"^^^.  ^^•^^^  '^^t^^r^^^  ^^^^w"^^"j!TT^^^^^Rr^^*B^r^^lf^^ 

[ilyiiig thcf  tectiM  by  the  vdochy.^if  the  itx!^^  Baftf^ 
'dufiiiLfiuii  in  It  whlOMfli  oocor 'ill  Miction  ^  iMoaaMk -oHUi 
caae,  thedischaige  ispfeviooiljf  kaDimVud  ftkAthK 
we  want;  which k  the  (ilgect ofiifae  nest pcofalcm. 

I  "'  *  W^  oDlylxg  leave  to  ida»  that  the  lesperimeniti  ^iM 
we  mention  as  hafing  been  abeady  made  in  this  coaHtrj^ 
g^ve  a  resdt  apmewhat  greater  dMH  Una  taUe^  Via.  alodt 
.^.    Thecefgre^  having  obtained  the  answer  by  this  taHeb 

I  add  to  it  its  i6th  part,  and  we  ajfcebend  diittt  J^  fillk 

1  extremdy  near  the  truth. 

"^  TThmij  rm  thr  nthrr  hsnd  m  frnmr  ttir  djpiftprjp  tmari 
wfstdliQaidt  we  cun  tell  thedgptb  of  its  tdg/^  ii||4liic  Ae,liir> 
^ir  ^"^r  i^flif*  — " — ^    r  -ri — rr^  lrrraMn''in]  haii 

*=(jj|-^vei7ncariy.  'f-     • 

We  are  now  in  a  condition  to  solve  the  problem  rdqpect- 
ing  a  weir  across  a  river. 

Frob.  II.  The  discbarge  and  section  of  a  river  being 
^ven,  it  is  required  to  determine  bow  much  the  waters  will 
be  raised  by  a  weir  of  the  whole  breadth  of  the  river,  dis- 
charging the  water  with  a  clear  fall,  that  is,  the  surface  of 
the  water  in  the  lower  channel  being  below  the  edge  of  the 
weir? 

In  this  case  we  have  2  G  =  746  nearly,  because  there 
will  be  no  contraction  at  the  sides  when  the  weir  is  the 
whole  breadth  of  the  river.    But  further,  the  water  is  not 

now  stagnant,  but  moving  with  the  velocity  -^,  S  being 

the  section  of  the  river. 

Thbrefo|!e  let  a  be  the  height  of  the  w^r  from  the  bot- 
tom of  the  river^  and  A  the  height  of  the  water  above  the 
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edge  of  the  veir.    We  have  the  velocity  with  which  the 

the  weir  or  breadth  of  the  river.  Therefore  the  height  pro- 

GD         V 
■^ J .  The 

equation  given  a  little  ago  will  have  h  =  (o  481  Z  ^/~2^ 

when  the  water  above  the  weir  is  stagnant.     TfaerefoK, 

.  .          *            .         .                               D  ' 

when  it  is  already  moving  with  the  velocity  -t -, ,  we 

shaU  have  h  =  ( ?  j \^—(—==B^ Y      It 

would  be  very  troublesome  to  solve  this  equation  regular- 
ly, because  the  unknown  qiiantity  h  is  found  in  the  se- 
cond tenA  of  the  answer.  But  we  know  that  the  height 
produdng  the  velocity  above  the  weir  is  very  small  in  com- 
parison of  A  and  of. a,  and,  if  only  estimated  ioughly,  will 
make  a  very  insensible  change  in  the  value  of  h ;  and,  by 
repeating  the  operation,  we  cim  correct  this  value,  and 
obtain  h  to  any  degree  of  exactness. 

To  illustrate  this  by  an  example.  Suppose  a  river,  the 
section  of  whose  stream  is  l50  f^et,  and  that  it  discharges 
174  cubic  feet  of  water  in  a  second ;  how  much  will  the 
waters  of  this  river  be  raised  by  a  Weir  of  the  same  width, 
and  3  feet  high  ? 

Suppose  the  width  to  be  50  feet  This  will  give  S  feet 
for  the  depdi ;  and  we  see  that  the  water  will  have  a  clear 
fall,  because  the  lower  stream  will  be  the  same  as  before. 

The  section  being  150  feet,  and  the  discharge  174,  the 
mean  velocity  is  42S>  =  ^i^^  ^^^  =  14  inches  nearly, 
which  requires  the  height  of  ^  of  an  inch  very  nearly. 
This  may  be  taken  (at  the  second  term  of  the  value  of  h. 

Therefore  A  =  (0,491  •TG ^^ " ^^    ^owVFG  is 

VOL.  II.  2  L 
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Thk  win  fil«e  itt  )l » l«,19e  ->  0,141, = It/ISl,  dlftr. 
ipg  fixNoi  the  first  value,  about  ^  of  an  inch.  It  if  Vfa&k 
mEi  to  cany  the  qiproiimatiiin  fiarfiiiff*  lliuaii^Me^ 
a  wir,  wUeh  dams  up  the  wliok  of  dieftoMP  cufenftil 
three  feiel  deep»  will  ody  raise  the  walen  of  tlua  liv*^  ope 
ftot     .-  ....  •'■■■  •        ■        ■■ 

The  aaaae  nils  serfes  feRihofni^  how  Ug^  wio  oii|^ 
raise  tlw  web^ordw  to  produce  ofiy^vm  fistf  of  the  im- 
ten^  whether  for  the  purposef  of  uavii^plioii^  or  fir  taUoig 

off  a  diraft  ito  4^  n^ 

breadth  olf^riTfr  reniahpi  tte  sanu)^  tfii^  iviM«.ip^i|tiil 

floir  over  the  weir  wi^i  nearly  the  same  dendk  '  A  vent 

niall  and  hardly  peieeptiUe  diffisrenoe  inll  in^Bad  ^isp 

from  {he  diminution  of  slope  occanoned  by  this  nse^and  * 

consequent  diminution  of  the  velocity  with  whidi  the  liver 
approaches  the  weir.  But  this  difference  must  slways  be 
a  small  fraction  of  the  second  term  of  our  answer ;  whidi 
term  is  itself  very  small :  and  even  this  will  be  compen- 
sated^ in  some  degree,  by  the  freer  fall  which  the  water 
will  have  over  the  weir. 

If  the  intended  weir  is  not  to  have  the  whole  braadth  of 
the  river  (which  is  seldom  necessary  even  for  the  purposes 
of  navigation),  the  waters  will  be  rused  higher  by  the 
same  hoght  of  the  wasteboard*  The  calculation  is  pre* 
cisely  the  same  for  this  case.  Only  in  the  second  term, 
which  gives  the  head  of  water  corresponding  to  the  velo- 
city of  the  river,  /  must  still  be  taken  for  the  whole  braadth 
of  the  river,  while  in  the  first  term  /  is  the  length  of  the 
wasteboard.  Also  V  2G  must  be  a  little  less,  on  account 
of  the  contractions  at  the  ends  of  the  war,  unless  theee  be 
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mroidM  by  fpnng  the  nuuMKiiy  at  the  ends  of  the  waste- 
board  a  carted  shape  on  the  upper  side  of  die  wasteboard. 
l^his  should  not  be  done  vhen  the  sole  object  of  the  weir 
is  to  raise  the  surfiioe  of  the  praters.  Its  effect  is  but  trifling 
at  any  rate,  when  the  loigth  of  the  wasteboard  is  consider, 
able,  in  propcHrtion  to  the  thickness  of  the  sheet  of  water 
flowing  over  it. 

The  following  comparisons  of  this  rule  with  experiment 
will  give  our  readers  some  notion  of  its  utility. 


Diidutfge 
(tftfaf  Weir 
per  SeooDid* 

Hodpio- 
dndngtlie 

the  Web. 

HiidFB- 

dudngthe 

YSdkr 
•bovtit. 

Heiuit  of 
^e.nivtt 
ikbofeihe 

0biCTV«d 

iMeiit. 

IndMi. 

da88 

246C 

1118 
259 

Inches. 

7302 
5,885 
8,171 
1,201 

Incfaei. 

0,625 
0,^0 
0,116 
0,0114 

IncfaM. 

6,677 
6,0S5 
9,055 
1^89 

Incbo. 

6,588 
4,T60 
3,166 
.1,250 

It  waa  found  extremely  difficult;  to  measure  the  exact 
height  of  the  water  in  the  upper  stream  abore  the  waste* 
boted.  The  currature  AI  extended  several  feet  up  the 
stream^  Indeed  there  must  be  something  arbitrary  in  this- 
measurement  because  the  surfiu:e  of  the  stream  is  not  ho* 
riaontal.  The  deviation  should  be  taken,  not  from  a  ho* 
Qflontal  plane^  but  fiom  the  inclined  surfSv^  of  the  river. 

It  is  plain  that  a  river  cannot  be  lotted  for  continued  na- 
vigation hj\  wKias.  These  occasion  interruptions ;  but  a 
few  inches  may  sometimes  be  added  to  the  waters  of  a  river 
by  a  SAB,  which  may  still  allow  a  flat-bottomed  lighter  or 
a  raft  to  pass  over  it.  This  is  a  very  frequent  practice  in. 
Holland  and  Flanders ;  and  a  veiy  cheap  and  certain  convey- 
ance of  goods  is  there  oblmned  by  means  of  streams  which 
we  would  think  no  better  than  boundary  ditches,  and  un- 
fit far  every  purpose  of  this  kind.  By  means  of  a  bar  the 
wat»  is  kept  up  a  very  few  inches,  and  the  stream  has  free 


Wd  •iUmMB9» 


ni'^  B^'*  Tfe  amir  awtmii  w<i^|mUn<iM» 

t&^'in  ilielmtUni  ()rfIi«''Ati!M;i>dt>wliM  ritt^tedifetfiip 
4»')kii^'    tile  figflAeilibt  ttiMffei^M»^8M^^ 

the  other  bur  agun,  prooeedf  on  bis  joomey.  •*•>  TO#  tilt' 
tirniiice  inwafif  fhe^eiidi  of  ir'l(NiqH'«  ^VMy^nM  ex- 
pense; and  tfiiii^  it  ifea  iiM  VBMt^'H/kmmtf  m !»» 
caatflmedTtb  caD  uniga^on,  it~]^viiitf'c"terir;Wne~  eoovCT- 
imo^  which  woiill' j^ttwiatf  b«  faapvAttfe.'  .  Whoi  the 

off  £»  tnaefainl^ W';;;^  jiu^ 

wdi!^  becftuiBe  they  do  not  obitnicC  fkating^indi  nft%-M 

are  W  itiboyed  liy ^  '"     '    -'»■-*    '• 

tor  fioCh)4i>v^  aod  Wow  i^ml  die  width  of  A^i^a'**  to 
deUrnfifii^AediidiiiigePUi'  '«        I      r    ■    fKv;      • 

TMi  trtiy  AOnneaiiB  so  earily  solved  n»*tiie-tBKiiiige 
over  k  weir,  and  we  cannot  do  it  with  the  same  degree  of 
evidetice.  We  imagine,  however,  that  the  foikiWHig  ob- 
servations win  not  be'  very  far  firom  a  true  aoooiiht  oS  the 

'  r 

matter  : . 

We  may  first  suppose  a  reservoir  LFBM  (P^.  81.)  of 
stagnant  water,  and  that  it  has  a  wasteboard  of  the  he^t 
CB.  '  We  mi^  then  determine,  by  the  foregoing  problems, 
the  discharge  throu^  the  plane  EC.  With  respect  to  the 
discharge  through  the  part  C  A,  it  should  be  equal  to  this 
product  of  the  part  of  the  section  by  the  velocity  corre- 
sponding to  the  fall  EC,  which  is  the  difference  of  the 
Heights  of  water  above  and  below  the  bar;  for,  because 
the  difference  of  Ea  and  Ca  is  equal  to  EC,  every 
particle  a  of  water  in  the  plane  CA  is  pressed  in  the 
direction  of  this  stream  with  the  same  fonce,  vix,  the 
wei^t  of  the  QDlumn  EC.  The  sum  of  these  disohai^s 
diould  be  the  whole  discharge  over  the  bar;  but  since  the 
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bar  is  set  up  across  a  runmng  river,  its  discharge  must  be 
•the  same  with  that  of  the.  river.  The  water  of  the  river^ 
when  it  comes  to  the  place  of  the  bar,  has  acquired,  some 
velocity  by  its  slope  or  other  causes,  and  this  corresponds 
to  some  height'FE.  This  velocity,  multiplied  by  the  s^ 
tion  of  the  river,  having  the  height  EBj  should  give  a  dis- 
charge equal  to  the  discharge  over  the  bar. 

To  avoid  this  complication  of  conditions,  we  may  first 
oompute  the  discharge  of  the  bar  in  the  manner  now  point- 
jed  out,  without  the  consideration  of  the  previous  velocity 
of  the  stream.  This  discharge  will  be  a  little  too  small.  If 
we  divide  it  by  the  secUon  FB,  it  will  give  a  primary  velo- 
city too  small,  but  not  far  from  the  truth.  Therefore  we 
shall  get  the  height  FE,  by  means  of  which  we  shall  be 
able  to  determine  a  velocity  intermediate  between  D6  and 
CH,  which  would  correspond  to  a  weir,  as  also  the  ve» 
locity  CH,  which  corresponds  to  the  part  of  the  section 
CA,  which  is  wholly  under  water.  Then  we  correct  all 
these  quantities  by  repeating  the  operation  with  them  in- 
stead of  our  first  assumptions. 

M.  Buat  found  this^  computation  extremely  near  the 
truth,  but  in  all  cases  a  little  greater  than  observation  exhi- 
bited. 

We  may  now  solve  the  problem  in  the  most  general 
terms.  ^ 

Fjsob.  IV*  Given  the  breadth,  depth,  and  the  slope  of  a 
river,  if  we  confine  its  passage  by  a  bar  or  weir  of  a  known 
height  and  width,  to  determine  the  rise  of  the  waters  above 
the  bar. 

The  slope  and  dimendons  of  tlic  channel  being  given, 
our  formula  will  give  us  the  velocity  and  thp  quanti^  of 
water  discharged.  Then,  by  the  preceding  problem,  find 
the  height  of  water  above  thq  wasteboard.  From  the  sum 
of  these  two  heights  deduct  the  ordinary  depth  of  the  river. 
The  remainder  is  the  rise  of  the  waters.     For  example : 

Let  there  be  a  river  whose  ordinary  depth  b  3  feet,  and 


Ml  •tMKNnr  •*  BliVlMfc 


twadtii  40t  tuA  wbMft  dD|w  It  H  h 

^    0iillpoMttiMlrMitUfetinr«*Mlk^'H(ii8te 

-  'Wetonit  tM  M  A»  valMitf  ani  nfiMkapg*  af -ia 
rfforte  Hi iMMMl  iMet-Wi  km**  i^'4i>i«<ii^ ft** 

3<^»  y  =  im-    OiJt>iaHlfi  ff  WW  «#»  »^J 
-■■*Tlie  ewitriB&m  Atiniii  hate  a^^ttikm  lUm  tHB 

Webftveiilioa  (the  hd|^  of  the  «dr)  Tl»  «aA  tj^ae 


/       D        V 
ffM,    Therafim  the  eqiieticm  *  ^  \  (>  4Si  ;)^|  J  f  ^ 


1 

(jF  die  wcir»  iki4  the  depth  of  the  river  ah>ve  tlb  Ate  ii 
ilttB^iai  iuphee, :;»  8  feet  utad  6»182  indHs.  Ate  dUi 
tike  5  liBet,  imd  there  remain  0  ftet  and  6»18iB  lodM  tr 

the  rise  of  the  waters. 

There  is,  however,  an  important  drcumstanoe  in  this 
rise  of  the  waters,  which  must  be  distinctly  understood  he- 
fore  we  can  say  what  are  the  interesting  effects  of  this  weir. 
This  swell  extends,  as  w^  all  know,  to  a  considerable  dis- 
tance up  the  stream,  but  is  less  sensible  as  we  go  away  from 
fhe  weir.  What  is  the  distance  to  which  the  swell  extends, 
and  what  increase  does  it  produce  in  the  depth  at  diffiarent 
distances  from  the  weir  ? 

If  we  suppose  that  the  dope  and  the  breadth  of  the 
pbannel  remain  as  before,  it  is  plain,  that  as  we  come  down 
the  stream  from  that  point  where  the  swell  is  insenable, 
the  depth  of  the  channel  increases  all  the  way  to  the  dam. 
Therefore,  as  the  same  quantity  of  water  passes  through 
every  section  of  the  river,  the  velocity  must  diminish  in  the 
same  propc^tion  (very  nearly)  that  the  section  increases. 
But  this  b^ng  an  open  stream,  and  therefc»ne  the  velocity 
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bong  inseponUj  ccmneoled  with  the  dope  of  the  iiirfaoe, 
it  kUkmSf  thet  the  slope  of  the  maUtB  mutt  diimiiinh  all 
the  way  from  that  point  where  the  swdl  of  the  water  lihi- 
atnnble  to  the  dam.  The  nirfaocy  therefiiK^  camnit  be  a 
aimple  incUned  igimief  but  must  be  oonoare  upward^  aa 
repretented  in  Fig.  M,  whete  FKLB  represents  the  cfaan- 
nd  of  a  fiver,  add  FB  the  anrbce  of  the  water  nmiungf  in 
it  If  this  be  kept  up  to  A  by  a  weir  ALy  the  surfime  will 
be  a  euTfe  FI  A,  touohing  tha  natund  surfime  F  at  the  be- 
ginmng  of  the  awelly  and  the  line  AD  which  tondiesitin 
A  will  have  the  slope  8  oemsponding  to  the  ydodty  whiob 
the  waters  have  immediately  befinre  going  over  the  wdr. 
We  know  this  sbpe^  because  we  are  supposed  to  know  the 
discharge  (tf  the  river  and  its  dope  and  other  circumstanoes 
beforebarrii^it  witha  dam;  and  we  know  thehaghtof 
the  dam  H,  ud  therefore  the  new  vekxaty  at  A,  or  imme* 
diatdy  above  A,  and  consequently  the  slope  S.  There- 
fore^ drawing  the  horiaontal  lines  DC,  AG,  it  is  plain  that 
CB  and  CA  will  be  the  primary  slope  of  the  river,  and  the 
dope  S  corresponcfing  to  the  vdodty  in  the  immediate 
neighbourhood  of  A,  because  these  verticals  have  the  same 
horiftmtal  distance  DC.  We  have  therefore  CB :  CA  =s 
8 :  $  very  needy,  andS  —  *:*  =  CB  —  CA:CA,  =  AB 

ABv«  H« 

(nearly) :  CA.    Therefore  CA  =  -g^,  =  g;^.  But 

DA  =  CA  X  8,  by  our  definiticm  of  dope;  therefore  DA 
_  H.3.J 

~  S— *• 

This  is  all  that  we  can  say  with  preddon  of  this  curve. 
M.  Buat  examined  what  would  result  from  supposmg  it 
an  arch  of  a  drde.  In  this  case  we  should  have  DA  = 
DF,  and  AF  very  nearly  equal  to  X  AD ;  and  as  we  can 
thus  find  AD,  we  get  the  whole  length  FIA  of  the  swell, 
and  also  the  distances  of  any  part  of  the  curve  from  the 
primitive  surface  FB  of  the  river ;  for  these  will  be  very 
nearly  in  the  duplicate  popcHrtioii  of  thdr  distance  from 


l(rM>  TBKOBY  or  KIVERS. 

F.  Tliua  ID  will  be  \  of  AU,  &c  Therefore  we  shouU 
obtain  the  depth  I  d  of  tlie  stream  in  that  place.  Getling 
the  depth  of  the  stream,  and  knowing  the  diwhttrge,  mv 
get  the  velocity,  and  can  compare  this  with  the  slope  of  tbe 
»ytt(aee  u  1.  Thic  should  be  the  slope  of  that  part  of  the 
arch  of  the  circle.  Making  this  compBrison,  he  found  theae 
circumstances  to  be  incompatible.  He  found  that  the  sec- 
tion and  sivell  at  I,  corresponding  to  an  arch  of  a  circle, 
gave  a  discharge  neatly  Jtb  tnn  great  (they  were  as  40^16 
U>  4S:2U2).  Therduic  the  curve  is  such,  (bat  AD  b 
grcatar  than  DF,  and  thai  it  is  more  incurvsted  at  F  then 
at  A.  He  found,  that  making  DA  to  Di-'  as  10  to  9.  and 
the  curve  FIA  on  arch  of  an  ellipse  vliose  lotiger  axis  was 
vertical,  would  give  a  very  nice  correspondence  of  the  aw- 
tions,  velocities,  and  slopes.  The  whole  extent  of  the  swell 
therefore  can  never  be  double  of  AD,  and  must  always 
greatly  surpass  AD  ;  and  these  liniitswlll  do  very  well  for 
every  practical  ijuestion.  Therefore  maldiig  DF  ^^  of 
AD,  and  drawing  the  chord  AD,  and  making  DI  i  ofDi, 
we  shall  be  very  near  the  truth.  Then  we  get  the  swell 
with  suflicient  precision  for  any  point  H  between  F  andD, 
b7iD^iigFi^*:fH'F=II>:HA;  and  if  His  between 
D  and  A,  we  get  its  distance  from  the  tangent  DA  by  a 
nmilar  prpcesa.  . 

It  only  remains  to  detenmne  the  swell  proddced  in  the 
waters  of  a  liver  by  the  erectioa  of  a  bridge  or  I'W™^ 
sluice  which  contracts  the  passage.  This  requires  the  bo- 
lutioo  of 

Fbob.  V.  Given  the  depth,  breadth,  and  alope  of  a  ri- 
ver, to  determine  the  swell  oocauoned  by  the  pen  oTa 
bri^e  or  siijeB  qf  a  cleaning  sluice,  which  conbmct  the  pM- 
sage  by  a  pven  quantity,  for  a  given  leagth  of  thaoneL 

This  sw«ll  depends  on  two  circutnstances  :     . 

I.,,Tfae,  whole,  jivec  must  pass  through  Ktnanow  qiaoc^ 
with  aydwity  piopcrtipnably  increased;  and  this  teqoirea 
a  certun  jfaead  «f  water  above  the  bridge.   . 
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52.  The  water^  in  pasamg  the  length  of  the  piere  with  a 
velocity  greater  than  that  corresponding  to  the  primaiy 
dope  of  the  river,  will  require  a  greater  slope  in  order  to 
acquire  this  velocity. 

Let  V  be  the  vekx^ity  oS  the  river  befbce  the  ereetiGD  of 
the  bridge,  and  K  the  quotientof  the.  width  of  the  river  di- 
vided by  the  sum  of  the  widths  between  the  pnera. .  If  the 
length  of  the  piers;,  or  their  dimension  in.  the  direction  of 
the  stream,  is  not  very  great,  KV  will  nearly  express  the 
velocity  of  the  river  under  the  arches ;  and  if  we  siqppose 
for  a  moment  the  contraction  (in  the  sense  hitherto  used) 
to  be  nothing,  the  hi^ght  producing  this,  velocity  .will  be 

K*  V" 

—J —     But  the  river  will  not  rise  so  high,  having  already 

a  slope  and  velocity  before  getting  under  the  arches^  and 

the  hriglht  corresponding  to  tins  velocity  is  ^~ ;  therefore 

the  height  for  producing  the  augmentation  of  velocity  is 

--; — -^5— •    But  if  we  make  allowance  for  contraction, 

we  must  employ  a  2  6  less  than  2gf  and  we  must  multi 

ply  the  height  now  found  by  5#.      It  will  then  become' 

(-2^-a^;2G'  =  «G<^-*)-    This  is  that  part 

of  the  swell  which  must  produce  the  augmentation  of  velo- 
city. 

With  respect  to  what  is  necessary  for  producing  the  ad- 
ditional slope  betweoi  the  juers,  letjp  be  the.  natural  slope 
of  the  river  (pr  rather  the  difference  of  level  in  the  length 
of  the  piers)  before  the  erection  of  the  bridge,  and  corre- 
sponding to  the  velocity  V ;  K'jp  will  very  nearly  express 
the  difference  of  superficial  level  for  the  length  of  the  piers, 
wliich  is  necessary  for  maintaining  the  velocity  KV  through 
the  same  lengtti.    The  increase  of  slope   therefino  is 
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K'p— J)  =:;>(£■— 1).  TIierelOTe the whcJe swell w 

Tbkse  arc  the  chief  qucBtiona  or  problems  on  thu  aib- 
j«t  whicli  occur  in  the  practice  of  an  engineer ;  and  the 
wlutiona  which  wc  have  given  may  in  every  ease  be  dt- 
pended  on  as  very  near  the  truth,  and  we  are  confidaH 
tbttl  the  errors  will  never  amount  to  one-fifth  of  ihc  whole 
quantity.  We  are  equally  certain,  that  of  those  irtio  call 
themselves  engineers,  and  who,  vithout  hesitation,  under- 
take jobs  of  enormous  expense,  not  one  in  ten  is  able  efts 
to  guess  at  the  result  of  such  operations,  unless  the  circun- 
Etances  of  Uie  case  happen  to  coincide  with  those  of  Kane 
other  project  which  he  has  executed,  or  baa  disdnctJy  cu- 
miucd  ;  and  very  few  have  the  sagacity  and  pcoetntim 
necessary  for  appreciating  the  ejects  of  the  distinguishing 
circumstances  which  yet  remain.  The  socie^  estaliiisfted 
for  the  encouragement  of  arts  and  numufiictureB  could 
scarcely  do  a  more  important  service  to  the  public  in  tlie 
line  of  thrir  institution,  than  by  publishing  in  thai  Tran- 
sactioM  a  deBGtiption  of  eT*y  work  of  this  Uad  oeouted 
in  the  kii^doin,  with  sd  acoouat  of  its  pefforBunee.  Tloi 
would  be  •  DKMt  valuaUO'  coUactioa  of  expetineBia  end 
facts.  The  unlearned  jffactitioner  would  find  amoog  dieiB 
BomethiRg  whieh  resembles  in  its  chief  drcumstaiwes  al- 
moat  any  project  which  could  occur  to  him  ia  his  bosnea^ 
and  woidd  tdk  him  what  to  expect  in  the  case  under  l» 
nanaganent :  tud  the  intelligent  engineer,  aamrted  by  ma- 
thematical ktwwledge,  and  the  balnt  of  elaasitag  things  to- 
getber,  Would  frequently  be  able  to  frame  general  iuIm- 
T»  a  gentleman  cpialified  as  was  the  Chevalier  de  Boat, 
such  A  oollectifHi  would  be  inestimable,  and  mi^t  suf^est 
« theoi^  as  far  superior  to  his  as  he  )w  gone  before  all 
otber  i^riters, 


Ws  dhall  ooMlude  ibis  ntUe  witfa  rtme  bbiirrKium 
on  the  methods  which  may  be  taken  &r  iwnkring  etnaH 
riren  and  brooks  fit  fiir  iidand  natigalklD^  or  al  least  ibr 
floatage.  We  get  much  instmctkm  on  thk  aulgeet  firom 
tvlMl  has  been  flfeM  ooMenng  the  awdl  pvridnaail  in  a 
river  by  wein,  ban^  or  any  diminiitioA  of  its  fimner  saa» 
tioB.  Oar  knowledga  of  the  fian  wUdi  the  anvtee  of 
tlda  swell  afleetS)  will  flsnish  rales  Sm  i^jfaaag  tbeieeb- 
strnetioos  in  sadi  a  naniMiv  and  at  sodt  distahria  fiEadi 
each  other,  that  dia  awsll  ptoduead  fay  cm  sbsll  ettand  to 
the  one  above  it. 

If  we  know  the  dope^  the  breadth,  and  thedefidiofa 
river,  in  the  droughts  of  smBmer,  and  hava  dateiteined  on 
the  height  of  the  flooA-gates,  or  keeps^  wUeb  are  lo  be  set 
lip  in  its  bed,  it  ki  endsnt  that  th^  statHms  «ra  HM  iaa^ 
ten  of  avtRtraiy  ehcie^  if  wa  would  deriva  Aegrsalirt 
ponaftle  advantage  llrom  them. 

SMie  rivers  in  Flanders  and  Italy  me  made  niv^able 
in  some  sort  by  «n^le  sluiees,  which,  bsiag  shot,  form 
magarines  of  water,  wldcb,  beii^  dbidiaiged  by  opening 
die  gates,  nuses  the  kilaripr  teadi  enoagh  to  pertnit  the 
passage  of  the  craft  wUdi  are  kept  on  it  After  this  mo* 
mentary  rise  the  keeps  are  shut  agwi,  the  water  rinks  ia 
the  lower  readi,  and  the  lifters  wUch  were  floated  through 
the  shallows  are  now  cbliged  lo  draw  lailo  tbose  psrts  ef 
the  reach  where  they  can  lie  afloat  tiU  the  next  supply  of 
water  from  above  aiaUes  them  to  proceed.  TUsisavaiy 
rude  and  imperfeet  method,  and  unjustifiable  at  this  day, 
when  we  know  the  oSmsI  of  kicks,  er  at  least  of  douUe 
gates.  We  do  not  mean  to  enter  on  the  oonridcsatian  af 
these  contrivances,  and  k>  ^e  the  nietfaod»  of  their  eo». 
struetion,  in  this  plaee.*    At  preseat  we  confine  onrsetves 

*  See  the  article  Watekwoeis  hi  tliis  voliiine,  and  also  the 
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to  the  angle  point  of  husbanding  the  diffirrcnt  Alls  in  the 
be<iofthe  river,  in  such  a  rouiner  that  there  may  be 
everywhere  a  sufficient  depth  of  water  ;  and,  in  what  w 
have  to  deliver  on  the  subject,  wc  ^lall  take  the  Ibnn  of 
an  example  to  illuGtntc  the  application  of  the  foregoiqg 
rules. 

Suppose  then  a  river  40  feet  wide  and  3  feet  de^  in 
the  droughts  of  summer,  'with  a  slope  of  1  in  4800.  Th^ 
by  the  formula  of  uniform  moUon,  will  have  a  \-eloci^ 
V  =  2d^  inches  per  second,  and  its  diediargo  will  bt 
406316  cubic  inches,  or  23+^  feet.  It  is  proposed  to  gai 
this  river  a  depth  nut  less  than  five  feet  in  any  place,  bjr 
means  of  llood<gateg  of  six  feel  high  and  18  feet  wide. 

We  first  compute  the  height  at  which  this  body  of  3^ 
cubic  feet  of  water  will  discharge  itself  over  the  Sood-^ttL 
This  we  ahall  find  by  Prob.  II.  to  be  30i  iachee,  (o  whidi 
adding  79,  the  height  of  the  gate,  we  have  102j  fot  Uk 
whole  height  of  the  water  above  the  floor  of  the  gate;  tiic 
primitive  depth  of  the  river  being  3  feet,  the  rise  or  swell 
5  feet  6i  inches.  In  the  next  place,  we  find  the  cange  Of 
sensible  extent  of  this  swell  by  Frob.  I.  and  the  observe 
tions  which  accompany  it.  This  will  be  found  to  be  neai- 
ly  9177  fathoms.  Now  since  the  primitive  depth  of  the 
river  is  three  feel,  there  is  onJy  wanted  two  feet  of  ad(&- 
tion ;  and  tlie  question  b  reduced  to  tlie  tinding  what  poiat 
of  the  curved  surface  of  the  swell  ia  two  feet  above  the 
tangent  plane  at  the  head  of  tlie  swell  ?  or  how  far  thli 
point  ia  from  the  gate?  The  whole  exEent  being  9177 
fathoms,  and  the  deviations  from  the  tangent  plane  Ui^  ' 
nearly  in  the  duplicate  ratio  of  the  distances  from  the  pfflfll 
of  contact,  we  may  institute  this  pro{xirtiou  564:^^=^ 
9i77*:55a(F.  The  last  term  is  tlic  distance  (from  the 
head  of  the  swell)  (A'  that  port  of  the  surface  which  is  two 
feet  above  the  primitive  surface  of  the  river.  Therefbfe 
9177-<-55S6,  (H3651  fatbuns,  is  the  distance  of  this  ptrt 
from  the  flood-gabe ;  «Qd,tlu».iB  (t^.diM4^  .ft.jrbioh  dm 


gaUi  pfaoold  be  fdaotd  tsom  mA  odier^  Noi\:iBooiifttBi»« 
€no0i«rould  arise  fWim  faaTiBg.tbem^iiearer^  i£the  bonkB  be 
higb^noughtaoGOtiua'the  WHfteni;  bat  if  tbcj  ave  fiother 
dktant,  the  T0quirad  depth  of  water  cannot  be;had;iiit>|i^ 
mkt  increafflng^ihe^bcight .  of  3tbe  •  gates ;  but  if ^  .ielMoii$^ 
eonvemency  idiould  induce  uaito  place  tbem  nelmi^  tb& 
aaitie  depth  msffbd  leeuiled  by.  lower  gate%;  and maddi* 
tknal  heq;ht  JWiH  lie  required.  {M^lfaa-.banktir  -  Tfaii  is  ga« 
ttcmlly  &  matter  ofimoattnt,  beoaiifif.lbe  rainngihe  wator 
bnogt  akxig  with  it:d]e/johanoa!it>f  Jkioding  theildjimi^g 
idd&:  Knowing  thd.placewhetoe  the  aw)dleeaie9jtob«  feilF- 
aide,  .wc  can  keep  iheto^iof  tha  iotenn^cKale>4f|o^^)iUt0 
at  the  predse  hdgbt.of  the  cufirad  aurfiiee  a(  tbft^i^weU  by 
manaoftbepiBpQitioiiabtj^^^p^^^  tx/o»^ii^, 

tangent:  to  the  diakandaaifroini^.pmt  of  ooniMiqt.  . 

But  this  ndeiwiU  iMtida.fijDilkgittat  wbioh  i#i#t  9  graater 
daitancefiooi  thaoil»;ahaffe.4^yt|#A:tbe.l^li£pitlHHW 
iMdy  moilMiMdic  iWe.hmiWjth(ltj«4v^^gMeiMf^|t^^ 
firodudngiaonoiieieKlcnfmjiwaU^  a«d:4b€^opa^i^d)|do^^ 
iM  oDiAode  with  the.othef^»iaHhoiiglif  ttlie^ 
ftom  the  sami  point  'Ai(Sig^  43.);  N09.  wUL.ttue  ouyfa 
ofvn  be  iiinijai'^  jiadei^tha.tfi^ditiew.of  rtt^.jheet.of  water 
flowing. oner  thfti^ate:  be  lioflMiifi^.m.ftbe.  J90M;.r|tiM^ 
Bat  fkoB  ia  inot  ^beNcafltD.  ;beMkuae/  th^i:pn4ttce,ojf,lhe 
iJTCTy  and  thereftbewtite.  lhiflkiiwi»/>f  the,  tteet  ofi  ,iiatj8r>  i^ 

-  J  Btit'weiBi^siipjpDee'ftham'aaHbtr  «^ 
thiaitwoorthraiJdeeiniakof.aa  iiieh^)imLA«fiw;ei|h*U 
ba^eAF7AL9^f'vDL>;  figBm  •.'irbkby  if  weitaka.thi^ 
4faickl^eBi  of  die  dUMt>  dt  watto.already  ciJculated  fiMr.tbB 
othar  gates,  then  "will  remain  tbehoght  ;of  the- gate  BL^ 

By  following.rthese'' methods^ i  instead  of  prpoeiMiHig.by 
random  guesseayiiwe  shall  poscure  the  graaM$0t  depth  of 
water  at  the  smadleHt  expenserpoisiUe. 

-  But  there  is  a^dironmstannftfjirhicb  mMstbe  attended  \(^ 
and  wMoby  if  ne^icted^iaagf^in  %  sboi;t  tin^  nnde^ 


ivctlu  naeleos.  These  gates  must  fratiin 
the  tune  of  freshes ;  and  as  this  channel  t 
nd  elope  iDcreased  in  every  reach  by  the  ^ 
of  the  section  in  the  gates,  and  also  rolls  akmg  a  g 
body  of  water,  the  action  of  the  stream  on  ita  bed  m 
incireased  by  the  augmentation  of  Telocity  whidi  theae  » 
eurastances  will  produce )  and  although  we  may  ssy  tlal 
tba  general  slope  is  necesnrily  iecured  by  the  alls  of  the 
flood-gates,  which  are  paved  with  stooe  or  covered  witb 
phuiks,  jet  thb  will  not  hinder  this  increased  current  fm 
digging  op  the  bottom  in  the  intervalsr  undemuning  1^ 
bulks,  and  lodging  the  mud  and  earth  thus  carried  aSm 
places  where  the  current  meets  with  any  dieck.  AU  the»  I 
consequences  will  assuredly  follow  if  the  increased  vdooCf  \ 
is  greater  than  what  corresponds  to  the  r^meti  relative  U 
the  soil  in  which  the  river  holds  on  its  course. 

In  order  therefore  to  procure  duralnlity  to  works  of  Hat 
}and,  which  are  generally  of  enormous  expeow,  llie  he^ 
eireuiBstanceB  must  be  most  scrupulously  atudied.  It  a 
not  the  ordinary  hurried  survey  of  an  cn^eei  that  wiU 
free  Us  from  the  risk  of  our  navigation  becoming  nxf 

nuiiTiliiiiiiiiii  liji  Ihii  li fill iliiiiliiiiimJiMimiliiiilfciiM 

their  tomet  quantity,  and'bankafbmed  atmmaJ^diitmm 
below  every  ^liitt.  I^wust  attentively  atiKlpthe  Mlaife 
of  the  tell,  add  ttiaoorer  eKptnmeBtaAy  tbtTJhd^nhkk 
is  not  inoonustent  with  tbe  permanency  of  the  cbaoaA-  -It 
UdB  b«Mt  a  gnat!  deri)M  tlwtthat  of  ibe  «iM«>«faHl]W- 
etJetaMd'by>fi<MlKi,<ltM  wpHMnnaiyHhfefttwiwditei 
^  cMaUiahmant  «f  thtt  grtti  uanogneatdMUisfMnlba 
channel  will  b*  tteoeaHvy :  tnit  i^  on  the  olfaor  btni,  ike 
natmat  vdod^  «f  the  riv«<«  during  itafKahte  groolytt^ 
(seds  what  h  oonrirtnM  »ith>Bt«talkyv'«tfi«Bt«Uar0Kilhe 
width  <rf  tbe  «httiH  that-w^ni^dinnijriv.^^jKhiiAi 
nwin  depth,  and  along  wMi  this  the  y^oatf.  SbMvibm 
knowtag  the  quanli^  dieahaiffldAiwiylbeJwiAei,  4i«^ 
it  by  the  Tilja^  oTr^imb^  wflathw^*.«iMt^KMWi 
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wiiii  gMrfcr  (fior  a  mioii  which  will  appear  hjr  and  hf}, 
tba  quodant  will  be  the  area  of  a  now  aeetaon.  Then  tab 
tag  du  natund  dope  of  the  rifer  ftr  the  dope  which  it  witt 
pcaeenre  in  thia  enlarged  chanwrii  and  after  the  dDa  of  the 
flood^tee  have  been  ^Eed,  we  nmet  calnihihi  die  hjdraaKe 
mean  dqithy  fiwH  dien  the  odier  dhnenekxia  of  the  channeL 
And)  lasdy,  from  the  known  dimpnuinne  of  the  channel 
and  the  discharge  (whidi  we  must  now  compute),  wepio* 
ceed  to  caleulate  the  height  and  the  distances  of  the  floods 
gates»  adjusted  to  thdr  widths,  which  must  be  regulated  bjr 
the  room  which  may  be  thought  proper  fbr  the  froe  pas* 
ssge  of  the  lifters  which  are  to  ply  on  the  rirer.  An 
eiample  will  illustrate  the  whole  of  this  process. 

Suppose  then  a  small  river  having  a  slope  of  8  inches  in 
1000  fathoms,  or  5/90,  whidi  is  a  very  usual  declivity,  qf 
such  small  streams,  and  whoae  dqidi  in  summer  is.8.£e|ety 
b|ut  subject  to  floods  which  nise^  it  to  9  feet  Lei  ita 
breaddi  at  the  bottom  be  18  £bBt,an|ith^ba|^l.l^itss^^ 
Mig  sides  ^  of  thebr  height  AU  of,  these,  dimennons  are 
v^  oonfonnable  to  the  Qfjjinafy  Qouise  qf  th^  Itia 
prqmed  to  make  this  river  ijAvigablfi  in  all.  seasfyqs  bj^ 
means  of  keeps  and  gates  placed  at  propy  distaiyefi;;  J»d 
we  want  to  know  the  dimensions  of  a  channel  whidi  will 
be  permanent,  in  a  soil  whkh  bq;ihs  to  yield  to  a  velocity 
of  80  inches  per  second,  but  wiU  be  safe  under  a  velocity 
ofM. 

The  primitive  channel,  bavfaqt-the  properties  of  a  rectan- 
gular channel,  its  breaddi  during  the  A^hes  must  be  B's 
80  feet,  or  880  indies,  and  its  depth  ik  9  feet,  or  106  inches ; 

therefere  its  faydraulb  mean  depth  d  =i::  g--^  =  6I;88 

inches.  Its  red  vdodty  thcBefeiei  during  the  freshesi  will 
be  88,0447  inchae,  and  its  discharge  1514169  euhb  mcbes, 
or  876^  cubic  feet  per  second.  We  see  therefore  that  the 
natural  channd  irill  neC  be  permanent,  and  will  be  very 
qukUy  destroyed  or  changed  by  this  great  vekicity.    We 
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have  two  methods  for  procuring  stability,  ^is.  diminwiiiBg 
the  slope,  or  widening  the  bed.  The  first  method  will  ze- 
quire  the  course  to  be  lengthened  in  th^  jn'opartion  of  S4! 
to  S988%  or  nearly  of  36  to  100.  The.  eipenae  of  this 
would  be  enonnous.  The  second  metfacid  will  require 
the  hydraulic  mean  depth  to  be  increased  nearly  in  Ibe 
same  proportion   (because  the   veloritiea  are  nearly  m 

zLj.   This  will  evidently  be  much  less  costly,  and,  eras 

to  procure  convenient  room  for  the  navigation,  must  be 
preferred. 

We  must  now  observe,  that  the  great  velocity,  of  wMA 
we  are  afraid,  obtains  only  during  the  winter  floods.  If 
therefore  wc  reduce  this  to  24  inches,  it  must  happen  that 
the  autumnal  freshes^  loaded  with  sand  and  mud,  will  cer- 
tainly deponte  a  port  of  it,  and  choke  up  our  channel  bdot 
the  dood-gates.  We  must  therefore  select  a  mean  veloci^ 
somewhat  excising  the'r^men,  that  it  may  cany  off  these 
deporitions.  We  shall  take  2!7  inches,  which  will  produce 
this  effect  on  the  loose  mud  without  endangering  our  chan- 
nel in  any  remarkable  degree. 

Therefore  we  have,  by  the  theorem  for  uniform  motion, 

V  J— Lv'^+l,^ 
lating  the  divisor  of  this  formula,  we  find  it  =  55,884. 

Hence  V"d  —  0,1  =       ^^"^  ' =  5,3843,  and  there- 

55,884      ^^^ 

fored=30y*j.  Having  thus  determined  the  hydraulic 
mean  depth,  we  find  the  area  S  of  the  section  by  di\nding 
the  discharge  1614169  by  the  velocity  27.  This  gives 
us  56080,368.     Then  we  get  the  breadth  B  by  the  for- 

mula  formerly  given,   B  =     /f^\—2s\^^y  = 
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1802,896  inohes,  or  150,19  feet,  and  the  depth  h  = 
81,115  mdbeB. 

With  these  dimenAmi  of  the  aectum  we  are  oertwi  that 
the  channel  will  be  permanent ;  and  the  cUls  of  the  flood- 
gates being  all  fiied  agreeable  to  the  primitive  slope,  we 
need  not  fear  that  it  ^11  be  changed  in  the  intervals  by 
the  lu^tion  of  the  current.  The  gates  being  aU  open  during 
the  freshes,  the  bottom  will  be  cleared  of  all  deposited  mud. 

We  must  now  station  the  flood-gates  along  the  new  chan- 
nels at  such  distances  that  we  may  have  die  depth  of  w». 
ter  which  is  proper  for  the  lighters  that  are  tobe  empIo3red 
in  the  navigation.  Suppose  this  to  be  four  feet  We 
paust  first  of  all  learn  how  high  the  water  will  be  kept  in 
this  new  channel  during  the  summer  draughts  There  re- 
mained in  the  primitive  channel  only  S  feet,  and  the  sec- 
tion in  this  case  had  %0  feet  8  inches  mean  width ;  and  the 
discharge  corresponding  to  this  section  and  slope  of  ^^^ 
i$,  by  the  theoren^  pf  uniform  motion,  130,849  cubic 
inches  per  second.  To  find  the  depth  of  water  in  the  new 
channel  corresponding  to  this  discharge,  and  the  same  slopes 
we  must  take  the  method  of  approximation  formerly  exei&- 
plified,  remembering  that  the  discharge  D  is  180849,  and 
the  breadth  B  is  1760,8  at  the  bottom  (the  slant  sides  be- 
1^  !)•  These  data  will  produce  a  depth  of  water  =  6| 
inches.  To  obtain  four  feet  therefore  bdiind  any  of  the 
flood-gates,  we  must  have  a  swell  of  41 1  inches  produced 
by  the  gate  below. 

We  must  now  determine  the  width  of  passage  which 
must  be  given  at  the  gates.  This  will  regulate  the  thick- 
ness of  the  sheet  of  water  which  flows  over  them  when  shut ; 
and  this,  with  the  height  pf  the  gate,  fixes  the  swell  at  the 
gate*  The  extent  of  this  swell,  and  the  elevation  ci  every 
point  of  its  curved  aurfece  above  the  new  sutfeoe  of  the 
river,  requires  a  combination  of  the  height  of  swell  at  the 
flood-gate,  with  the  primitive  slope  and  the  new  velocity. 
These  being  computed,  the  statbns  of  the  gates  may  be 
assigned,  which  will  secure  four  feet  of  water  behind  each 
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in  Slimmer.  We  need  uol  give  these  compirtafioos,  hiiv^  - 
alreatfy  exemplifiod  them  all  with  relation  to  another  river. 
This  example  not  only  illustrates  the  method  of  proceed- 
ing, so  as  to  be  ensured  of  success,  but  also  gives  us  a.  pre- 
cise instance  of  what  must  be  done  in  a  case  which  cannot 
but  frequently  occur.  We  see  what  a  prodigious  excavatiM 
is  necessary  in  order  to  obtjun  permanency.  We  haw 
been  obliged  to  enlarge  the  primitive  bed  to  about  thri* 
its  former  size,  so  that  the  excavation  is  at  least  two-thinb 
of  what  the  other  method  required.  The  expense,  how- 
ever, will  aiill  be  vastly  inferior  to  the  other,  both  from 
tbe  nature  of  the  work  and  the  quantity  of  ground  ocat- 
jned.  At  all  events,  the  expense  is  enormous,  and  what 
could  never  be  repaid  by  the  navigation,  except  in  a  verj 
rich  and  populous  country. 

There  is  another  circumstance  to  be  attended  to. — Tbe 
navigation  of  this  river  by  sluices  must  be  very  desuftoiT', 
unless  they  are  extremely  numerous,  and  of  small  haghts. 
The  natural  surface  of  the  swell  being  concave  upward^ 
tbe  additions  made  by  its  different  parts  to  the  primitive 
hdght  of  the  river  decrease  rapidly  as  they  apjwoad  to  the 
place  A  (Fig.  SS.),  where  the  swell  termiaates ;  and  three 
gates,  each  of  which  ruses  the  water  one  foot  when  placed 
at  the  proper  distance  from  each  other,  will  ruM  the  water 
much  more  than  two  gates  at  twice  this  distance,  eacb 
raising  the  water  two  feet.  Moreover,  when  the  elevation 
produced  by  a  flood-gate  is  conaderablo,  exceeding  a  rerj 
few  inches,  the  fall  and  current  produced  by  the  opaang 
of  the  gate  is  such,  that  no  boat  can  possibly  pass  up  tbe 
river,  and  it  runs  imminent  risk  of  being  overset  and  sunk, 
in  the  attempt  to  go  down  the  stream.  This  renders  tie 
navigation  desultory.  A  number  of  lighters  collect  them- 
selves at  the  gates,  and  wait  their  owning.  Ihtj  pMi 
through  as  soon  as  the  current  becomes  moderate.  This 
would  not,  perhaps,  be  very  hurtful  in  a  r^ulated  navigi- 
tjon,  if  they  could  then  proceed  on  didr  voy^e^  But  die 
boats  bound  up  the  rivei  must  st^  on  tbe  tipper  ode  of 
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the  gate  which  they  have  just  now  passed^  because  the 
diannel  is  now  too  diallow  for  them  to  proceed.     Those 
bound  down  the  river  can  gdIj  go  to  thie  next  gate^  unless 
it  has  been  opened  at  a  time  nicely  adjusted  to  the  open- 
ing of  the  one  above  it     The  passage  downwards  nu^j  in 
many  cases,  be  continued,  by  very  intelligent  and  attentive 
lockmen,  but  the  passage  up  must  be  exceedingly  tedious. 
Nay,  we  may  say,  that  while  the  passage  downwards  is 
continuous,  it  is  but  in  a  very  few  cases  that  the  passage 
upward  is  practicable.     If  we  add  to  these  inconveniences 
the  great  danger  of  passage  during  the  freshes,  while  .aU 
the  gates  are  open,  and  the  immense  and  unavoidable  ao« 
cumulations  of  ice,  on  occasion  even  of  slight  frosts,  we 
may  see  that  this  method  of  procuring  an  inland  naviga- 
tion  is  amazingly  expensive,  desultory,  tedious,  and  hazard- 
ous.     It  did  not  therefore  merit,  on  its  own  acoaunt,  the 
attention  we  have  bestowed  on  it.    But  the  discussimi  was 
absolutely  necessary,  in  order  to  show  what  must  be  done 
in  order  to  obtain  effect  and  permanency,  and  thus  to  pre- 
vent us  from  engaging  in  a  project  which,  to  a  person  not 
duly  and  confidently  informed,  is  so  feasible  and  promising. 
Many  professional  en^eers  are  ready,  and  with  honest 
intentions,  to  undertake  such  tasks  ;  and  by  avoiding  this 
immense  expense,  and  contei^ting  themselves  with  a  much 
narrower  channel,  they  succeed  (witness  the  old  naviga- 
tion of  the  river  Mersey).     But  the  work  has  no  duration ; 
and,  not  having  been  found  very  serviceable,  its  cessation 
is  not  matter  of  much  regret 

It  was  not  a  very  refined  thought  to  change  this  imperfect 
mode  for  another  free  firom  most  of  its  inconveniences.  A 
boat  was  brought  up  the  river,  through  one  of  these  gates, 
only  by  raising  the  waters  of  the  inferior  reach,  and  de- 
pressing those  of  th^  upper :  and  it  could  not  escape  ob- 
servi^on,  that  when  the  gates  were  far  asunder,  a  vast 
body  of  water  must  be  discharged  before  this  could  be 
done,  and  that  it  would  be  a  great  improvement  to  double 
each  gate,  with  a  very  small  ^stance  between.    Thus  a 
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very  small  qimntily  of  water  wtnild  fill  ihe  interval  to  d» 
desired  height,  and  allow  tlie  boat  to  come  through  ;  and 
this  thought  was  the  more  obvious,  from  a  similar  jmeon 
having  preceded  ii,  vix.  that  of  navigating  a  small  hwr  by 
means  of  double  bars,  the  lowest  of  which  lay  Bat  in  the 
bottom  of  llie  river,  but  could  be  raised  up  on  hinge*.  We 
have  mentioned  this  already  ;  and  it  appears  to  have  bom 
an  old  practice,  being  mentioned  by  Sttvinus  in  his  valu- 
able work  on  sluioea,  published  about  the  beginning  of  the 
last  century ;  yet  no  trace  of  this  method  is  to  be  fouud  of 
much  older  dates.  It  m-currcd,  however,  accidentallf. 
pretty  often  in  the  ilai  countries  of  Holland  and  FUndm. 
which  being  the  seat  of  frequent  wars,  almost  every  iwi 
and  village  was  fortified  with  wet  ditches,  oonncctrd  wiA 
the  adjcaning  rivers.  Stevinus  mentions  porticuUHy  tin  ' 
works  of  Condt',  as  having  been  long  employed,  with  g»M* 
ingenuity,  for  rendering  navigable  a  very  long  stroldi  rf 
the  Scheldt.  The  boats  were  received  into  the  Ioikt  pari 
of  the  fosse,  which  was  separated  from  the  re»l  by  a  stone 
batardcau,  serving  to  keep  up  the  waters  in  tl\e  reM 
<^  the  fosse,  about  eight  feet.  In  this  was  a  situce  ami 
another  dam,  by  which  the  boats  could  be  taken  into 
the  upper  fosse,  which  communicated  with  a  remote  put 
of  the  Scheldt  by  a  long  canal.  This  appears  to  be  one 
of  the  earliest  locks.* 

In  the  first  attempt  to  introduce  this  improvement  in  tbe 
navigation  of  rivers  already  kept  up  by  w^rs,  which  gave 
a  partial  and  interrupted  navigation,  it  was  usual  to  avcid 
the  great  expense  of  the  second  dam  and  gate,  by  making 
(he  lock  altogether  detached  from  the  river,  within  land, 
and  having  its  basin  parallel  to  the  river,  and  commuiB- 
eating  by  one  end  with  the  river  above  the  war,  and  by 
ihe  other  end  with  the  river  below  the  w&i,  and  hariiQ 
a  flood-gate  at  each  end.— This  was  a   most  ingcoioas 

*  A  my  flill  H^rtofy  of  Lockt,  See.  will  be  inttf  in  tbs  Em*- 
auaoB  ExcvctorADiA,  vd.  XV.  |).  398,  ArL  lyiaKD  Naviba- 
TioM.— Ed. 
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thqught ;  and  it  was  a  prodigious  improvement,  free  from 
all  the  inoonvenienees  of  currents,  ice,  &c.  &c.  It  was 
called  a  SchUusd^  or  Idck^  wilk  oonsiderabk  propriety ; 
and  this  was  the  origin  of  the  word  sluice,  and  of  our  ap- 
plication of  its  translation  lode.  This  practice  being  once 
introduced,  it  was  not  long  before  engineers  found  that  a 
complete  sepithltioa  of  the  narigalion  from  the  bed  of  th^ 
river  Was  ndt^y  the  i^toM;  p^rfedt  method  for  obtaining 
a  sure$  easj,  and  uliinterrupted  aHldgation,  but  that  it  Wiui 
in  general  the  most  eoonomkal  in  its  first  oanstrtuttiob^aailf 
stfibject  to  no  risk  of  deterioraticoi  by  the  action  of  the  eufw 
root,  which  was  here  entirely  removed.  Locked  caMl%= 
therefore,  have  almost  entirely  supplanted  all  atttoipts  16 
improve  the  natural  beds  of  rivers ;  and  this  is  hardly  ever 
attempted  except  in  the  flat  countries,  where  they  can^ 
hardly  be  said  to  differ  fiom  horizontal  canals.  We  ther^ 
fore  dose  with  these  observations  this  article,  and  refet  for 
the  construction  of  canab  and  locks  to  the  following  arliole 
on  Water- WoBKs.* 

*  Our  readers  will  pijobaUy  be  pleased  with  the  following  list  of 
authors  who  have  treated  professedly  of  the  motions  of  rivers :  Gug- 
lielmini  De  Fluviit  et  CasieUis  Aquarum — Danubius  lUtutrattu  ;  Gran- 
di  De  Castellis;  Zendrini  De  Moiu  Aquarum;  Frisius  De  Fluvits; 
Lecchi  IdrostcUica  i  IdrauHca  ;  Michelotti  Speriertze  Idrautkhe  ;  Bc^ 
lidor's  Architecture  Hffdradique ;  Bossut  Htfdrodymindtfm ;  fiuat 
Hydraulique  ;  Silberschlag  Theorie  des  Fieuves  ;  Lettres  de  M.  Li'Bpi* 
nasse  au  P,  Frist  Touchani  sa  Theorie  des  Fieuves  ;  Tableau  Jesprin^ 
cipales  Rivieres  du  Monde,  jpar  Genett^ ;  Stevins  sur  Us  Ecluses ; 
Traits  des  Ecluses,  par  Boulard^  qui  a  remport^  le  Prix  de  fAcad,  de 
Lyons  ;  Bleiswyck  Diaertatio  de  Aggtrilms  ;  Bossut  et  Viallet  sur  la 
Construction  des  Digues;  Stevin  Hydrostcdica ;  Tielman  van  der 
Horit  Theairum  MaeUnarum  Umvenak  y  De  La  I^mde  $uv  U$  Qi^ 
naux  de  Navigaiiou;  Racolta  di  Autori  chi  Trattano  del  Moto  d^W 
Acque,  S  torn.  4to,  Firenza^  1783.— This  most  valuabje  collection 
contains  the  writings  of  Archimedes,  Albizi,  Gralileo,  Castelli,  Mi- 
chelini,  Borelli,  Mohtanari,  Vivian!,  Cassini,  Gu^lielmmi^  Gtandl, 
Manfred!,  Ficard,  and  Naidad ;  and  an  account  of  ihe  nWnberlete 
works  whidb  have  bica  tanried  an  a  the  ambankioent  of  the  Vo* 
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Under  this  name  may  be  comprehended  almost  every  ly. 
draulic  structure  or  contrivance ;  such  as,  canals,  c»niluiu, 
locks,  mills,  water-engines,  &C.  But  they  may  be  conre- 
niently  arranged  under  two  general  heads,  1^,  Works 
which  have  for  their  object  the  conductiDg,  raiang,  or 
otherwise  managing,  of  water ;  and,  Sdly,  Works  vhicb 
derive  their  efficacy  from  the  impulra  or  other  scti<ni  (rf* 
water.  The_^r«(  class  comprehends  the  methods  of  umply 
conducting  water  in  aqueducts  or  in  pipes  for  the  supplj 
of  domestic  consumption,  or  the  working  of  machiner)- :  it 
comprehends  al&o  the  mctliods  of  procuring  the  supplies 
necessary  for  these  purposes,  by  means  of  pump%  water, 
or  fire-engines.  It  also  comprehends  the  subsequeot  ma- 
nagement of  the  water  thus  conducted,  whether  in  order  to 
make  the  proper  distribution  of  it  according  to  the  demand, 
or  to  employ  it  for  the  purpose  of  navigation,  by  lockage,  or 
other  contrivances.^And  in  the  prosecution  of  these  things 
many  subordinate  problems  will  occur,  in  wfaicfa  practice 
will  derive  great  advantages  from  a  scientiGc  acquaintance 
with  the  subject. 

CLASS  I. 

1.  OftheconAximgqfWater. 

This  is  undoubtedly  a  business  of  great  importance,  toi 
makes  a  principal  part  of  the  practice  of  the  civil  en^neer : 
it  is  also  a  business  so  imperfectly  understood,  that  we  be- 
lieve that  very  few  engineers  can  venture  to  say,  with  to- 
lerable preci^n,  what  will  be  the  quantity  of  water  which 
his  work  will  convey,  or  what  plan  and  dimatBoos  of  am- 
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duit  will  convey  the  quantity  which  may  be  proposed.  For 
proof  of  this  we  shall  only  refer  our  readers  to  the  facts 
mentioned  in  the  article  Bitjsbs. 

In  that  article  we  have  given  a  sort  of  history  of  the  fxo* 
gress  of  our  knowledge  in  hydraulics,  a  branch  of  mechani- 
cal philosophy  which  seems  to  have  been  entirely  unknown 
to  the  ancients.     Even  Archimedes,  the  author  of  almost 
all  that  we  know  in  hydrostatics,  seems  to  have  been  entire- 
ly ignorant  of  any  prindples  by  which  be  could  determine 
the  motion  of  water.     The  mechanical  science  of  the  an- 
cients seems  to  have  reached  no  farther  than  the  doctrine 
of  equilibrium  among  bodies  at  rest.     GugUelmini  first 
ventured  to  oon^der  the  motion  of  water  in  open  canals 
and  in  rivers.     Its  motion  in  pipes  had  been  partially  con- 
sidered in  detached  scraps  by  others,  but  not  so  as  to  make 
a  body  of  doctrine.     Sir  Isaac  Newton  first  endeavoured 
to  render  hydraulics  susceptible  of  mathematical  demon- 
stration :  but  his  fundamental  proposition  has  not  yet  been 
freed  from  very  serious  objections ;  nor  have  the  attempts 
of  his  successors,  such  as  the  Bernouillis,  Euler,  D^Alem- 
bert,  and  others,  been  much  more  successful :  so  that  hy- 
draulics may  still  be  considered  as  very  imperfect,  and  the 
general  conclusions,  which  we  are  accustomed  to  receive  as 
fundamental  propositions,  are  not  much  better  than  matters 
of  observation,  little  supported  by  principle,  and  therefore 
requiring  the  most  scrupulous  caution  in  the  application  of 
them  to  any  hitherto  untried  case.      When  experiments 
are  multiplied  so  as  to  include  as  great  a  variety  of  cases 
as  possible,  and  when  these  are  cleared  of  extraneous  cir- 
cumstances, and  properly  arranged,  we  must  receive  the 
conclusions  drawn  from  them  as  the  general  laws  of  hy- 
draulics.    The  experiments  of  the  Abbe  Bossut,  narrated 
in  hb  Hydrodynamiquey  are  of  the  greatest  value,  having 
been  made  in  the  cases  of  most  general  frequency,  and  being 
made  with  great  care.     The  g|*eatcst  service,  however,  has 
been  done  by  the  Chevalier  Buat,  who  saw  the  folly  of  at- 
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ten^tii^  to  dtitlucc  an  actumtc  theory  iVont  iHjf  |)i%iciptl4 
that  we  have  as  yet  learned,  and  the  necessity  of  adlicring 
to  such  a  tlieory  as  could  be  deduced  from  experiment 
alone,  independent  of  any  more  general  principles.  Such 
a  theory  must  be  a  just  one,  if  the  experiments  are  really 
general,  unaJlected  by  the  particular  circumstances  of  the 
case,  and  if  the  classes  of  experiment  are  sufBciently  com- 
prehensive to  include  all  the  cases  which  occur  in  the  most 
important  practical  questions.  Some  principle  was  neces- 
sary, however,  for  connecting  these  experiments.  The 
sufficiency  of  this  principle  was  not  easily  ascertained.  M.* 
Buat's  way  of  establishing  this  was  judicious.  If  the  prin- 
ciple is  ill-founded,  tlic  results  of  its  comlnnation  in  auea 
of  actual  experiments  must  be  irregular;  but  if  cxperw 
ments,  seemingly  very  unlike,  and  in  a  vast  variety  of  di». 
rimilar  eases,  give  a  train  of  results  which  is  extremely  re- 
gular and  consistent,  wc  may  presume  that  the  principle, 
which  in  this  manner  harmonizes  and  reconciles  things  so 
unUtce,  is  founded  in  the  nature  of  things ;  and  if  thispriiK 
ciple  be  such  as  is  agreeable  to  our  clearest  notions  of  the 
intenul  mechanism  of  the  motion  of  fluids,  our  [ffesump- 
tioa  aiq>roachea  to  conviction. 

Proceeding  in  this  vay,  (he  Chevalier  Bust  has  coUecU 
ed  a  prodigious  number  of  facta,  compr^ending  almost 
ereij  case  of  the  motion  of  fluids.  He  flrat  classed  them 
acaoding  to  their  resemblance  in  some  one  particular,  and 
observed  the  difiFerences  which  accompanied  th^  differ- 
ences in  other  circumstancea ;  and  by  considering  what 
could  produce  these  dlfierences,  he  obt^ned  general  nilei, 
deduced  from  feet,  by  which  these  difibrences  could  he 
made  to  fall  into  a  regular  series.  He  then  arranged  all 
the  experiments  under  some  other  circumstance  of  resem- 
blance, and  pursued  the  same  method ;  and  by  following 
this  out,  he  has  produced  a  general  proposition,  which  ap- 
plies to  the  whole  of  this  numerous  list  of  experiments  with 
a  preduon  fer  exceedbg  our  utmost  hopes.  Tfab  propo- 
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sition  is  lodnudned  in  tfie  adtlide  Ri^^nS);  iM-  b  there  of- 
fered as  one  at  the  most  vahuble  results  of  lyodem  sdenoe. 

We  must,  however,  6bserve,  that  of  this  list  of  experi- 
ments thete  is  a  veiy  large  class,  wlueh  U  ndt  diifcict,  but 
requires  a  good  deal  of  reflection  to  Enable  us  to  draw  a 
confident  cionclufflon  ;  and  this  is  in  cases  which  are  very 
frequent  and  important,  tie.  where  the  deibliVity  is  exceed- 
ingly small,  as  in  open  canals  and  rivers.  The  experimetits 
were  of  the  foUoiring  fokrms :  two  large  cisterns  were  mad« 
to  communicate  with  each  other  by  means  of  a  jnpe.  ^he 
surfaces  of  the  water  in  these  dstselims  were  ittade  to  differ 
only  by  a  small  firaction  6f  an  ineh :  and  it  is  supposed 
that  the  motion  in  the  communicatihg  pipe  mil  be  the 
same  as  in  a  very  long  pipe,  or  an  open  canal,  having  this* 
very  minute  declivity.  We  have  no  difficulty  in  admitting 
the  conclusdon ;  but  we  hate  seen  it  contested,  and  it  is  by 
no  means  intuitive.  This,  however,  need  not  occasion  any 
hesitation  in  the  adc^tion  of  M.  Buat^s  general  proposition, 
because  the  experiments  which  we  are  now  criticising  fidl 
in  precisely  with  the  general  train  of  the  rest,  and  show  no 
general  deviation  which  indicate  a  fallacy  in  principle. 

We  apprehend  it  to  be  quite  unnecessary  to  add  much 
to  what  has  been  already  delivered  on  the  motion  of  wa» 
ters  in  an  open  canal.  Their  general  prf^esrive  motion, 
and  consequently  the  quantity  delivered  by  an  aqueduct 
of  any  slope  and  dimension,  are  suffidmly  determined ; 
and  all  that  is  wanted  is  the  tables  which  we  promised  in 
the  article  Rivlsas,  by  which  any  person  who  Understands 
common  arithmetic  may  compute  the  quantity  of  water 
which  will  be  deUvered  by  the  aqueduct,  cAdal,  conduit,  or 
pipe.  We  therefore  take  this  opportunity  of  inserting  these 
tables,  which  have  been  computed  for  this  article  with  great 
labour.* 


*  All  tlic  folloiilring  Tables^  recomputed  and  greatly  extended  .by 
Mr  Lourie^  will  be  iaund  in  the  Eoinburgu  EacYChorjunA,  voL 
XI.  p.  580,  Art.  HypRODYNAMics. — Ed. 
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8.0 

8.98305 

032 

3,3 

8.72181 

0.58 

8.1 

8.92584 

032 

3,1 

8.7S866 

0,53 

8,8 

8.988S0 

033 

3,5 

8.73531 

0.S3 

8.3 

8.93133 

033 

3.6 

8.74118 

0.54 

8,4 

8.93103 

031 

3.7 

8.74805 

0,55 

8.5 

2.93670 

0.34 

3.8 

8.754U 

0,56 

8.6 

2.93933 

035 

3.9 

2.76009 

0,56 

8.7 

8.91198 

035 

4,0 

8.76569 

0.57 

8.8 

8.94UB 

0,86 

4.1 

2.77153 

0,58 

8.9 

8.9*703 

0,86 

1.2 

8.77704 

0.59 

S.0 

8.91954 

03T 

43 

8.78SW 

0,59 

9,1 

8.95802 

03T 

4.4 

8.78765 

0.6 

9,2 

8.9544T 

0,88 

4.S 

8.J92T7 

0.6 

93 

2.956M 

038 

4.6 

S.79779 

0.61 

9,4 

2.95930 

0.89 

1.T 

8.80869 

0.61 

9,5 

8JW187 

0.89 

13 

2.80747 

8.63 

9,6 

2.M402 

0.9 
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Table  I.— Contikued. 


03 

03 

A, 

Log.  of 

w 

X 

d. 

Log.  of 

lOT 

307(V<^— 0,1) 

(V^-0,1) 

Vi^W 

307(Vrf— 0,1) 

(V^-0,1) 

9,7 

1.96694 

0,9 

54 

934738 

2,17 

9,8 

2.96865 

0,91 

55 

a95143 

2,19 

9,9 

2.97093 

0,91 

56 

aS5539 

231 

10, 

2.97319 

0,92 

57 

9.35928 

2,23 

11 

2.99454 

0,97 

58 

3.36312 

2,25 

IS 

&01401 

1,01 

59 

a36687 

.    2,27- 

IS 

3.03189 

1,05 

60 

a37057 

23 

14 

3.04843 

1,09 

61 

a37421    « 

231 

15 

3.06383 

1,13 

62 

a37778 

233 

16 

3.07820 

147 

63 

aS8130 

235 

17 

a09170 

1,21 

64 

a98477 

2,37 

18 

3.10441 

1.24 

65 

3.38817 

239 

19 

ail644 

1,28 

66 

a39158 

2.41 

20 

3.12783 

131 

67 

3.39483 

2,42 

21 

&13867 

134 

68 

3.39809 

2,44 

n 

3.14899 

l^B 

69 

a40130 

2,46 

23 

ai5885 

1.41 

70 

a40446 

2,48 

u 

3.16828 

1.44 

71 

a40758 

2,49 

25 

3.17734 

1.47 

72 

a4l065 

2,51 

26 

3.18601 

1.5 

73 

a41369 

2,53 

27 

ai943d 

1,53 

74 

a4l667 

2,55 

28 

3.20243 

1,56 

75 

a41962 

2,57 

29 

a21020 

1,58 

76 

a42253 

2,58 

90 

a2ino 

1,61 

77 

a42540 

2,60 

31 

S.n4^6 

1,64 

78 

a42823 

2,62 

32 

3.23196 

1,67 

79 

a43103 

2,63 

83 

a23877 

1,69 

80 

a48380 

2,65 

94 

a24537 

1.72 

81 

a48653 

2,67 

35 

a25l76 

1.74 

82 

a48923 

2,69 

96 

a25799 

1,77 

83 

a44189 

2,7 

37 

a26404 

1,79 

84 

a44452 

2,72 

98 

a26993 

1,82 

85 

a44712 

2,74 

99 

a27566 

1.84 

86 

a44968 

t,75 

40 

a28125 

137 

87 

a45222 

2,77 

41 

a28669 

139 

88 

a45473 

2,78 

42 

a29201 

1,91 

89 

a45721 

2,79 

43 

a29720 

1,93 

90 

a45965 

2,81 

44 

a30227 

1,95 

91 

a46208 

2,83 

45 

aS0722 

1,98 

92 

a46448 

tfi5 

46 

a31207 

2,00 

93 

a46685 

2,86 

47 

a31681 

2,03 

94 

a46920 

2,88 

48 

3.32145 

2,05 

95 

a47152 

2,89 

49 

a32599 

2,07 

96 

a47381 

2,91 

50 

a8S043 

2,09 

97 

a47608 

2,93 

51 

a93480 

2,11 

98 

a^7833 

2,94 

52 

3.33908 

2,13 

99 

a46056 

2,95 

53 

3.34327 

2,15 

100 

a48277 

2,97 

- 

wAnn-wtuA 


Ugmttmi^llitrahMifatDmiminiliirii^ettrmliim 


307  (,/J— 0,1) 
V** — LV 


yiir  «i«»y  Foiw  e^tte  Siye  t 


Log.  of 

Log-rf 

UB.rf_ 

* 

^._W*+l,0 

'' 

V7-W7m7« 

J#— Wrt-W 

t^ 

9.71784 

5,8 

0.1810B 

9,4 

0.87110 

1.1 

6.74810 

S.3 

0.18395 

9,5 

0.87381 

1.1 

B.T638B 

&.4 

ftisoei 

9,< 

a876M 

13 

D.7S37S 

6,5 

al351S 

9.7 

0.87981 

1.4 

0.80808 

5,6 

ai3Mo 

9,8 

0.88198 

1.5 

9.61888 

6,7 

a 14416 

9,B 

a884d0 

1.6 

S.634ei 

4,8 

ai48U 

10 

o.«a7» 

IJ 

S.84fi30 

5.S 

a 15874 

1.B 

S.tl«31t 

G,0 

alien 

11 

oiaiin) 

\% 

t>.8TS88 

6,1 

aisiis 

11 

{k334IS 

8.0 

D.88657 

6.8 

a 16518 

18 

!.] 

e.»0()31 

6.3 

ai69lT 

14 

aiST«iO 

8.S 

D.9I1S3 

G.4 

ai73n 

15 

as9f» 

S.S 

9.928fl7 

G.5 

0.17713 

16 

OtOMS 

8.4 

9.93847 

6,6 

a 18099 

11 

i,5 

tP.9483I 

a 18477 

IS 

<M«M8 

8.6 

9.95173 

els 

0.188S* 

19 

043430 

8.T 

oneoss 

i;.<i 

0.19gi9 

80 

0.46716 

83 

8.98048 

7.0 

alS584 

81 

a460U 

2tD 

S.ST6I8 

ill 

0.1  W86 

it 

0.49868 

3,0 

g.98S3! 

7.i 

0,80898 

83 

0.50138 

3.1 

9.99487 

7.3 

0.20G51 

84 

05154S 

3,8 

0.00tlX) 

T.* 

O.80P9T 

83 

0.52621 

3,8 

0.O0D4J 

7,S 

0.813S6 

86 

0.53656 

3,4 

aOlGGD 

7.6 

O.SI674 

27 

3,5 

0.023TS 

7,7 

0.88109 

89 

3,e 

ao3064 

7,8 

0.82335 

89 

ai6588 

3,7 

11.03733 

7.9 

0.88663 

30 

a5J415 

3.B 

0.043B3 

8.0 

0.ii99t 

31 

0.5S863 

3,B 

0.0501S 

8.1 

0.83297 

38 

0.59093 

4,0 

a05638 

8,8 

0.83611 

33 

a59901 

«.! 

0.06815 

8,3 

0.83a83 

34 

0.60698 

i.> 

0.06839 

8.4 

0.84839 

35 

0.G144S 

4,8 

0.0741 1 

8.5 

a8*43a 

36 

O.68I80 

♦.i 

0.07898 

8.6 

0.84838 

37 

0.68000 

♦■« 

O.OSi33 

S,T 

0.2il|8 

38 

a63599 

4.6 

0.09081 

8,8 

0,85483 

39 

a61876 

4.T 

0.09615 

8,9 

0.85709 

40 

0.64933 

4,6 

0.10131 

0,85995 

41 

0-65571 

4,ff 

0-10614 

9.1 

0,86881 

48 

O.66800 

&,0 

0.11147 

9,8 

o.issoo 

43 

0.ti6811 

i,l 

0.1I63& 

9.3 

a!6639 

44 

0.61413 
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TABLE  II.— CoMTIHITED. 


IxjgarithmuqftheVakMqft^Denomtnatort^fftef^yielioit 


907  (V(t— 1.0) 


.,Jbr  every  Value  qf^  Shpe  ». 


Loj.  of 

Log.  of 

Log,  of 

'' 

n/i-W/+1.8. 

'' 

V.-W'+1.6 

'■ 

Vr-W7TI3 

45 

0.67997 

87 

aS5U34 

3»0 

1.8 1806 

46 

0.685T4 

88 

0JiS3!J 

390 

1.88436 

47 

0.6913S 

89 

0.84618 

400 

1.83048 

48 

0.69663 

90 

ft85908 

410 

1.83647 

49 

0.70826 

91 

0.86189 

480 

1.84838 

50 

0.70749 

92 

a86463 

430 

1.84805 

61 

0.7i36B 

93 

0.86741 

440 

1.853G0 

St 

0.71767 

94 

0-87017 

♦60 

1,86903 

£3 

a7!a63 

96 

,     a87!86 

460 

1.86433 

S4 

0.7!746 

96 

0.BTS4? 

470 

1.80961 

it 

O.T38t3 

97 

0.87818 

480 

1.87461 

69 

0.7369S 

98 

a88076 

490 

1.87947 

67 

0.741M 

99 

0.88338 

400 

1.88445 

fig 

0.74601 

100 

0.88693 

510 

1.88983 

69 

0.7S043 

680 

1.89391 

60 

a75481 

110 

0.91014 

430 

1.89841 

81 

0.75906 

ito 

0.93!  18 

540 

1.30300 

63 

a7flM8 

130 

0.96836 

450 

1.30740 

63 

0.7674S 

140 

0.97109 

660 

1.31178 

64 

a77i«i 

ISO 

0.98813 

670 

1.31597 

6S 

0.77446 

180 

1.00466 

680 

1.38015 

66 

0.77944 

170 

1.01983 

590 

1.38486 

67 

0.78333 

ISO 

1.03410 

60O 

1.38830 

68 

0.78718 

190 

l.ni7Sl 

610 

1.33886 

69 

O.T9098 

soo 

1.06086 

680 

1.33614 

70 

0.7B463 

!10 

1.07837 

630 

1.33B97 

71 

a79B!4 

aa 

1.08390 

640 

1.34373 

7! 

a60l8! 

830 

1.09489 

660 

1.34743 

73 

0.80536 

SlO 

1.1044E 

60O 

1.34108 

74 

asoss! 

250 

1.11463 

670 

1.34468 

74 

a8lt31 

iBO 

1.18483 

680 

1.34883 

76 

0  61S71 

870 

!.  13453 

690 

1.S61T0 

77 

0.81908 

tea 

1.14344 

700 

1.36413 

78 

O.B2t30 

890 

1.16804 

710 

1.36851 

79 

081562 

300 

1.16034 

780 

1.37185 

80 

0.8«8a4 

310 

1.10838 

730 

1.S7513 

81 

O.B3S08 

310 

1.17618 

740 

1. 37839 

8! 

ae35)4 

330 

I.I83S3 

740 

1.38167 

83 

0.83835 

340 

1.19098 

760 

1.38471 

84 

0.B4I43 

340 

1.19803 

770 

1.38788 

85 

360 

1.80490 

780 

1.39089 

86 

aW739 

S70 

1.81148 

790 

1.39391 

■w 
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TABLE  11.— Continued. 


LofforUhnu  rflhe  Values  of  the  Denominator  of  the  Fraction 
307  (^<f— 0,1) 


^s  —  L'/:  +  iy 

ur  fvt:ri/  r  uti 

UCiJf   i. 

K  i^iajx  «. 

I*g.rf 

II 

Log.  of 

.«.  1 

'' 

^'.-LV.+I, 

'■ 

V»-W'+i. 

* 

vr-w+i/i| 

soo 

l.39f;90 

3100 

1.II31S 

7300 

1-90W5 

811) 

1,3998S 

3800 

1.73048 

7100 

1.91151 

SM 

1.+0877 

3300 

1.78750 

7500 

1-91458 

830 

i.Wiei 

stoo 

1.73435 

1.91757 

8*0 

1.M678 

3500 

7700 

1.9805! 

HiO 

1.11188 

3C00 

1,71716 

7800 

1.98314 

8G0 

1.41 40S 

3700 

1.75373 

7900 

1.98638 

BTO 

1. 41683 

3B00 

1.75994 

8OO0 

I.9»91li 

seo 

1.11953 

3900 

I.J6ST8 

81O0 

1.93197 

890 

.     1.12880 

4000 

1.T7I59 

8800 

1.9317S 

SOO 

1.18487 

1100 

1.77785 

8300 

1-93749 

910 

1.4871S 

4800 

1-798T7 

8100 

1.94080 

980 

1.13005 

iSOO 

1.7881* 

8iOO 

1.94W7 

930 

I.t3863 

44O0 

1-79339 

8600 

1.91551 

9t0 

I.«SIS 

4500 

1. 79851 

8700 

1,»40)I 

1.13161 

4600 

1.80,158 

8800 

i.9ifW9 

980 

1.14011 

1.90875 

8900 

1,93384 

970 

1.1-1854 

1800 

1.81381 

9OO0 

1,95576 

980 

1.11498 

1900 

1.91790 

9100 

1.9598S 

990 

M173T 

1.88849 

9800 

1.960T3 

1000 

1.4197e 

6100 

1.S8699 

9300 

1.96317 

5S00 

1.83118 

9400 

1.96,W9 

1100 

1.47S83 

5300 

1.83575 

9500 

1.9679T 

ISOO 

1.19869 

5100 

1-S4O08 

9600 

1.97033 

1300 

1.51148 

S500 

1.84481 

9700 

1.97867 

1400 

I.A88Sa 

5600 

1.84833 

9800 

1.97497 

liOO 

1.54197 

1.85837 

9900 

1.91186 

1600 

1.56011 

5800 

1.85634 

10000 

1.97958 

1700 

1.57116 

59110 

1.86088 

MOOO 

8.00099 

1800 

1.5871T 

6000 

1.86*01 

18000 

8.08056 

1900 

1.60001 

filOO 

1.86778 

iSOlX) 

8.03855 

MOO 

1.61 195 

6800 

l.RTlie 

11000 

8.0S518 

iioo 

1-683^5 

6300 

1.87507 

15000 

8.07065 

ggoo 

1-63103 

ewo 

1.87863 

16000 

8.08518 

t300 

1-61138 

6500 

1.88813 

17000 

8.09969 

8100 

I-G5411 

6600 

1.P855S 

I8OO0 

8.11118 

2SO0 

l-6fl35H 

6700 

1.88898 

19000 

8.18357 

SflOO 

I.672BI 

6800 

1.89833 

80000 

8.13503 

2  TOO 

1.681.'33 

6900 

1.89561 

SIOOO 

9.14594 

8800 

1.68071 

1.89891 

83000 

8.15633 

i900 

l.fiBieo 

7100 

1.90811 

83000 

8.16684 

3000 

1.70556 

7800 

1-90533 

84000 

2.17573 
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Tablb  I.  connsts  of  three  columns.— CoZumn  1,  entitled 
df  contains  the  hydraulic  mean  depths  of  any  conduit  in 
inches.  This  is  set  down  for  every  10th  of  an  inch  in  the 
first  10  inches,  that  the  answers  may  be  more  accurately 
obUuned  for  pipes,  the  mean  depth  of  which  seldom  exceeds 
three  or  four  inches.  The  column  is  continued  to  100 
inches,  which  is  fully  equal  to  the  hydraulic  mean  depth  of 
any  canal. 

Column  2.  contains  the  logarithms  of  the  values  of 

V^^T— 0,1,  multiplied  by  307;  that  is,  the  logarithm  of 

SOTfv'd  — 0,1) 
the  numerator  of  the  fraction  — ^    . — y--j    tnven  in 

the  article  Rivs&s. 

Column  2.  contains  the  products  of  the  values  of  ^^^H-O^l 
multiplied  by  0,3. 

Table  II.  condsts  of  two  columns.— CoZtimn  I,  entitled 
Sf  contains  the  denominator  of  the  fraction  expressing  the 
slope  or  declivi^  of  any  pipe  or  canal ;  that  is,  the  quotient 
of  its  l^gth  divided  by  the  elevation  of  one  extremi^ 
above  the  other.  Thus,  if  a  canal  of  one  mile  in  length 
be  three  feet  higher  at  one  end  than  the  other,  then  s  is 

^,  =  1760. 

Column  S.  contains  the  logarithms  of  the  denominators 
of  the  above-mentioned  fraction,  or  of  the  different  values 

of  the  quantity  V^_Lv^^  +  l,6. 

These  quantities  were  computed  true  to  the  third  deci- 
mal place.  Notwithstanding  this,  the  last  figure  in  about 
a  dozen  of  the  first  logarithms  of  each  table  is  not  absolute- 
ly certain  to  the  nearest  unit.  But  this  cannot  produce  an 
error  of  1  in  100,000. 

Examples  qftJie  Use  of  these  Tables. 

Example  1.  Water  is  brought  into  the  dty  of  Edin- 
burgh in  several  mains.    One  of  these  is  a  pipe  of  five 

1 


ves^tpwuitp  wh\fk  it  ji|iliv«|s  4w  if^  w  IhftCmtffaHiil 
'  iimy^  The  numbtr  fiC  ftxM  |iill|»  fiMA  tUi  iqpe 
dbpuld  deliT^  ]Q,li.|nwute  ? 

*  1/Web«veil±=-^;=1»S6  incites.    The  logarithm 

comsponding  to  thb  d^  bemg  neariy  the  aiewi  hatweai 
Ae  logwithwa  coaeffonUng  tal^S  udlA  u  MAQtTIL 

.  8.  Wf  have  #»^^,  or  S8S,T.     lb  l«arithm 

^pn9i|V»diiig  to  tfib  in  Tahk  IL  b  had  l^ 

tioiial  parts  fat  the  difference  between  .tliwi  Jigvndhns  fir 

#  =  SSO  and  ^  =  840,  and  is  1.186S3. 
3.  From  S.49472    ^ 

Tak^  L185S8 


Eemains  LS09S9,  the  logarithm  of  30,986  inobes. 

4.  In  column  3.  of  Table  I.  opposite  tod=f  1^  and  d= 
1,3  are  0,3  and  0,31,  of  which  the  mean  is  0,305  inches, 
the  correctioQ  for  yiscidity. 

5.  Therefore  the  velocity  in  inches  jp^  seoHid  is  20^3^5 
—  0,30S,  or  20,08. 

6.  To  obtain  the  Scotch  -pints  j9^r  minute  (eadi  oontain- 
ing  103,  4  cubic  inches),  multiply  the  velod^  bjr  60,  and 
this  product  by  6^  and  this  by  0,7864  (Uie  area  of  a 
cirde  whose  diameter  is  1),  and  divide  by  108,4.  Or  by 
logarithms^ 

Add  the  log.  of  20,08  .  .  1.80276 

log.  of  60^'  -  .  1,77816 

kg.  of  5*  (H*  25  -  .  1.89794 

log.  of  0,7854  -  -  9.89609 

4.37394 
Subtract  the  log.  of  103,4  -  -  2.01461 


B^nains  tl^  log.  of  226,8  pints  •  S.36943 
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Exampb  %  The  canal  mentkmed  in  the  article  Riyses 
was  18  feet  broBd  at  the  surface,  and  7  feet  at  die  bottom. 
It  was  4  feet  deep,  and  had  a  dedivity  of  4  inches  ia 
a  mile.     Quertfj  The  mean  velocity  ? 

1.  The  slant  side  of  the  canal,  corresponding  to  4  feet 

deep  and  5^  projectioii,  is  6,8  feet ;  therefore  the  border 

touched  by  the  water  is  6,8  +  7  +  6,8,  =  20,6.     The 

18  +  7 
area  is  4  x  — 5 — 9  =  60  square  feet.     Therefore  d  = 

60 
ggpg,  :^  2,427  feet,  or  29,124  inches.    The  logarithm 

corresponding  to  this  in  Table  I.  is  S.21118,  and  the  cop- 
lection  for  viscidity  from  the  third  colunm  of  the  same 
Table  is  1,6a 

5S.  The  slope  is  one>third  of  a  foot  in  a  mile,  or  one  foot 
in  three  miles.  Therefore  #  is  16,840.  The  logarithm 
corresponding  to  this  is  2.08280. 

S.  From        3.21 118 
Subtract   2.08280 


Bemuns   1.12883  =  log.  13,438  of  mches. 
Subtract  for  viscidity  1 .68 


Velocity  per  second  11,868 

This  velodty  is  considerably  smaller  than  what  was  db* 
served  by  Mr  Watt  And  indeed  we  observe,  that  in  the 
very  small  declivities  of  rivers  and  canals,  the  formula  is  a 
little  iMerent  We  have  made  several  comparisons  with  a 
formula  which  is  essentially  the  same  with  BnatX  and 
comes  nearer  in  these  cases.  Instead  of  taking  the  hyper- 
bolic logarithm  of  ^s+lfi*  multiply  its  common  logarithm 
by  2^,  or  multiply  it  by  9,  and  divide  the  product  by  4; 
and  this  process  is  vastly  easier  than  taking  the  hyperbolic 
logarithm. 

We  have  not,  however,  presumed  to  calculate  tables  on 
the  authority  of  our  own  observations,  thinking  too  respect- 
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villas  made  bj  Mfcid 

ofi^oCthiB.    goBtunately  IL  .BMtV  fiiipiii>  .ii 

br  fiMUMJaii  Qgt  filmTVitiom  oil  flBMll'Cmlft'fr 

ftin[^inort.|K»intie  in  faeh  wvks  ulien  k  k 

rjr^  ¥18.  in  mill  coonet,  and  oidier  deriwdooa  fir 

mnclnnory* 

We  now  proceed  to  take  nodoe  rf  a  firar 
unAUkdmerve  lattentioD^  in  tbe  oon8triicti0n  oreHmli^in 

rtlirinp. inj  thrfii  iW '  ^  j^  unStlt  Bmniai     .^   .r.i 

ortllBMiV^'WDal  oraqMdnctii  hmnf^cS  Sntmr^ 
or  laiger  stream,  it  ought  always  to  be  wideottii 
tiQb.if  >^H^  inlndad  for.  drawing  dE a  contiwied 
wMvc  fir  such  a  oanal  has  ^  skqpe^  without  whisk 
hate  no  cunent  Suf^wse  it  filled  to  a  dead  hsrsi  i».fia 
firtber  end.  Take  awaj  the  bar,  anditfae  watwi 
aldy  begins  to  flow  off  at  that  end.  Bni  it  m 
before  any  motion  is  perceived  at  the  head  of  the  cansi^ 
during  all  which  time  the  motion  of  the  water  is  augmentp 
ing  in  every  part  of  the  canal ;  consequently  the  sk^  is 
increasing  in  every  part,  this  being  the  sole  cause  of  its 
stream.  When  the  water  at  the  entry  begins  to  move,  the 
sVipeis  scarcely  sensible  there;  but  it  sensibly  steqiens 
every  moment  with  the  increase  of  velocity,  which  at  last 
attains  its  maximum  relative  to  the  slope  and  dimennons 
erf*  the  whole  canal ;  and  this  r^ulates  the  depth  ofwat^ 
in  every  pcunt  down  the  stream.  When  all  has  Mt4»'"H^  a 
state  of  permanency,  the  slope  at  the  entry  remahu  much 
greater  than  in  any  other  part  of  the  canal :  for  this  skipe 
must  be  such  as  will  produce  a  velocity  sufficient  for  sup 
plying  its  tbaik. 

And  it  must  be  remembered,  that  the  velocity  which 
must  be  produced  greatly  exceeds  the  mean  velocity  cone- 
sponding  to  the  train  of  the  canal.    Sujqpose  that  this  is 


25.  inches.     There  miut  be  a  velocity  oC.80  iocbe«.ii4  tteii 
swjRMey  ai  appran  by  the  Table  in  the  l^rticle  Birsaa. 
This  must  be  pcoduced  by  a  real  &U  at  the  «iitry» 

In  evary  other  part  the  Bk»pe  is  suffin^t,  if  jit.mesrdy.. 
serves  to  g^ve  the  water  (already  in  motioD).  force  enougl^: 
fat  overoomiflg  the  friction  and  other  resistaooes*    But  at . 
the  entry  the  water  is  stagnant,  if  in  a  basin^  or  it  is  mov* 
ing  past  laterally,  if  the  aqueduct  is  derived  from  a  river  i 
and,  having  no  velodty  whatever  in  the  direction  of  the  €»«•< 
rad,  it  must  derive  it  from  its  slope.     The  water  therefore 
which  has  acquired  a  permanent  form  in  such  an  aqueducly. 
must  necessarily  take  that  form  which  exactly  parfinms  the. 
offices  requisite  in  its  different,  portioqs.     The  surface  re- 
mains horiaontal  in  the  basm,  as  at  KC  (Fig.  1.),  till  it 
comes  near  the  entry  of  the  canal  AB,  and  there  it  ao* 
quires  the  form  of  on  undulsted  curve  CD£ ;  and  then 
the  surfooe  acquires  an  uniform  slope  £F,  in  the  bwer 
part  of  the  canal,  where  the  water  is  in  train. 

If  this  is  a  drain,  the  discharge  is  mudi  less  than  nught 
be  produced  by  the  same  bed  if  this  sudden  slope  could  be 
avoided.  If  it  is  to  be  navigated,  having  only  a  very 
gentle  slope  in  its  whole  length,  this  sudden  slope  is  a  verjr 
great  imperfection,  both  by  diminishing  the  depth  of  water, 
which  m^t  otherwise  be  obtained  along  the  canal,  and  by 
rendering  the  passage  of  boats  into  the  bann  very  difficulty 
and  the  coming  out  very  hassardous.  .    . 

All  this  may  be  avoided,  and  the  velocity  at  the  entry 
may  be  k^  equal  to  that  which  forms  the  train  of  the  ca- 
nal, by  the  simple  process  of  enlarging  the  entry.  Sup* 
pose  that  die  water  could  accelerate  along  the  slopes  of  the, 
canal,  as  a  heavy  body  would  do  on  a  finely  polished  phme.^ 
If  we  now  make  the  width  of  the  entry  in  its  diffier^it  parts 
inversely  {Proportional  to  the  fictitious  vekxaties  in  those 
ports,  it  is  plain  that  the  sbpe  of  the  surface  will  be  made 
parallel  to  that  of  the  canal  which  is  in  train.  This  will  re* 
quire  a  form  somewhat  like  a  bell  or  speaking-trumpet,  as 
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may  easily  be  shown  by  a  mathematical  datOauaaiL  R-  • 
would,  however,  be  bo  much  evosated  at  the  baaia  as  to 
occupy  much  room,  and  it  would  be  very  expensKe  to 
make  such  an  fccavation.  But  we  may,  at  &  very  mode- 
rate expense  of  money  and  room,  make  the  increase  of  »e- 
locity  at  the  entry  almost  insensible.  This  should  always  be 
done,  and  it  is  not  all  expense :  for  if  it  be  not  dose,  the 
water  will  undermine  the  banks  on  each  side,  becaiuc  it  u 
moving  very  swiftly,  and  will  make  an  excavation  for  itself, 
leaving  all  the  mud  in  the  canal  below.  We  may  ohtfrre 
tliis  enlargement  at  the  entry  of  all  natural  derivatious  &wb 
a  basin  or  lake.  It  is  a  very  instructive  experiment,  to  fill 
up  this  enlargement,  continuing  the  parallel  sides  oflhc 
drain  tjuite  to  the  side  of  the  lake.  We  shall  immediately 
observe  the  water  grow  shallower  in  the  drain,  and  its  per- 
formance will  diminish.  Supposing  tlie  ditch  carried  on 
with  parallel  sides  quite  to  the  ade  of  the  basin,  if  we 
build  two  walls  or  dykes  from  the  extremities  of  thou 
«des,  bending  outwards  with  a  proper  curvature  (and  ihie 
will  often  be  less  costly  than  widening  the  drtun),  the  dis- 
charge will  be  greatly  increased.  We  have  eeea  tnEtanoes 
where  it  was  nearly  doubled. 

The  enlargement  at  the  mouths  of  tiverB  ia  generally 
owing  to  the  same  cause.  The  tide  of  flood  up  the  liw 
produces  a  superfidal  slope  opposite  to  that  vC  the  liver, 
and  this  widens  the  mouth.  This  is  most  remarkable  when 
the  tides  are  high,  and  ihe  river  has  little  slope. 

Af^r  this  great  fall  at  the  entry  of  a  canal,  in  which  all ' 
the  filaments  are  much  accelerated,  and  the  inferior  oaet 
most  of  all,  things  take  a  contrary  turn.  The  water,  I7 
rubbing  on  the  bottom  and  the  ddes,  is  retarded;  aad 
therefore  the  section  must,  from  being  shaHow,  beooaiea 
little  deeper,  and  the  surface  will  be  convex  for  amne  dis- 
tance till  all  comes  into  train.  When  this  ia  estabbihed, 
the  filaments  nearest  the  bottom  and  side  are  moving  Anr- 
est,  and  the  surface  (in  the  middle  espao^lyy  retains  the 
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greatest  velocity,  glid^g  over  the  rest.  The  vdocityin 
the  caaal,  and  the  depth  of  the  section,  adjust  thonselves 
in  such  a  manner  that  the  difference  between  the  surface  of 
the  basin  and  the  surface  of  the  uniform  sec&m  of  the  ca- 
nal corresponds  exactly  to  the  velocity.  Thus,  if  this  be 
observed  to  be  two  feet  in  a  second,  the  difference  of  height 
will  be  three-sixteenths  of  an  inch. 

All  the  practical  questions  that  are  of  considerable  im- 
portance respecting  the  motion  of  water  in  aqueducts,  may 
be  easily,  though  not  elegantiy,  solved  by  means  of  the 
tabkflL 

But  it  is  to  be  remembered,  that  these  tables  relate  only 
to  uniform  motion,  that  is,  to  water  that  is  in  train,  and 
where  the  velocity  suffers  no  change  by  lengthening  the 
conduit,  provided  the  slope  remain  the  same.  It  is  much 
more  difficult  to  determine  what  will  be  the  velocity,  &c.  in 
a  canal  of  which  nothing  is  given  but  the  form,  and  slope, 
and  depth  of  the  entry,  without  saying  how  deep  the  water 
runs  in  it  And  it  is  here  that  the  common  doctrines  of' 
hydraulics  are  most  in  fault,  and  unable  to  teach  us  how 
deep  the  water  will  run  in  a  canal,  though  the  depth  of  the  * 
baon  at  the  entry  be  perfectly  known.  Between  the  part 
of  the  canal  which  b  in  train  and  the  basin,  there  is  an  in- 
terval  where  the  water  is  in  a  state  of  acceleration,  and  is 
afterwards  retarded. 

The  determination  of  the  motions  in  this  interval  is  ex- 
ceedingly difficult,  even  in  a  rectangular  canal.  It  was  one 
great  aim  of  Mr  Buaf  s  experiments  to  ascertain  this  by 
measuring  accurately  the  depth  of  the  water.  But  he 
found  that,  when  the  slope  was  but  a  very  few  inches  in 
the  whole  length  of  his  canal,  it  was  not  in  train  for  want 
of  greater  length ;  and  when  the  slope  was  still  less,  the 
small  fractions  of  an  inch,  by  which  he  was  to  judge  of  the 
variations  of  depth,  could  not  be  measured  with  sufficient 
accuracy.  It  would  be  a  most  desirable  point  to  deter- 
mine the  length  o[  a  canal,  whose  dope  and  other  dimen- 
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sons  are  given,  which  wiU  bring  it  into  trua ;  and  whit 
is  the  ratio  which  will  then  obtain  between  the  dfpth  at 
the  entry  and  the  depth  which  will  be  nudntttned.  Till 
this  be  done,  the  engpneet  cannot  ascertain  bj  a  dmet  pro- 
cess what  quantity  c^  water  will  be  drawn  off  fvom  a  reser- 
voir by  a  ff^ea  canal.  But  as  yet  this  is  out  of  our  leadi. 
Experiments,  however,  are  in  view  wluch  mil  pramole 
the  investigation. 

But  this  and  similar  questions  are  of  such  importanee, 
that  we  cannot  be  said  to  have  improved  hydrauljci^  onlcsB 
we  can  give  a  tolerably  precise  answer.  This  we  em  do 
by  a  sort  of  retrograde  process,  proceeding  on  the  prin- 
ciples of  uniform  motion  established  by  the  Chevalier  Bust 
We  may  suppose  a  train  maintained  in  the  canal,  and  then 
examine  whether  this  train  can  be  produced  by  any  fill 
that  is  possible  at  the  entry.  If  it  can,  we  may  be  oertaiii 
that  it  is  so  produced,  and  our  problem  is  solved. 

We  shall  now  point  out  the  methods  of  answering  some 
chief  questions  of  this  kind. 

Quest  1.  Given  the  slope  s  and  the  breadth  is?  of  a  ca- 
nal, and  the  height  H  of  the  surface  of  the  water  in  the 
basin  above  the  bottom  of  the  entry,  to  find  the  depth  h 
and  velocity  V  of  the  stream,  and  the  quantity  of  water  Q 
which  is  discharged  ? 

The  chief  difficult  is  to  find  ihc  depth  of  the  stream 
where  it  is  in  train.  For  this  end,  we  may  simplify 
the  hydraulic  theorem  of  uniform  motion    of  the  arti- 


cle River  ;  making  V   =  — -^,  where  g  is  the  velocity 

(in  inches)  acquired  in  a  second  by  falling,  d  is  the  hydrau- 
lic mean  depth,  and  ^/S  stands  for  ^/3  —  L  VS  -f  I A 
N  is  a  number  to  be  fixed  by  experiment  (see  Riveb,) 
depending  on  the  contraction  or  obstruction  sustained  at 
the  entry  of  the  canal,  and  it  may  in  most  common  cas«j? 
be  taken  =  244 ;  so  that  "^N^  may  be  somewhat  less  than 
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807.  To  find  it  we  may  begin  by  taking  for  our  depth  of 
atraam  a  quantity  &,  somewhat  snuJIer  than  H  the  hd^t 
of  the  surface  a£  the  basin  above  the  bottom  of  the  canal. 
With  this  depth,  and  the  known  width  w  of  the  canal,  we 
can  find  the  hydraulic  depth  d  (Rivxb,)  Then  with 
s^d  and  the  slope  find  V  I^  the  Table :  make  this  V= 

^^5^    This  gives  ^/li^  =  I^.     This  valuecf  N^ 

is  sufliciently  exact;  for  a  small  error  of  depth  hardly  af- 
fects the  hydraulic  mean  depth. 

After  this  preparaUon,  the  expresfflon  of  the  mean  velo- 

yxoh 
^ — — ,  ^^^        ip  +  gft.     The  height 

which  will  produce  this  velocity  is  5^  f —     ^,  \     ^ow 

this  is  the  slope  at  the  entry  of  the  canal  which  produces 
the  velocity  that  is  afterwards  muntained  against  the  ob^ 
structions  by  the  slope  of  the  canal.     It  is  therefore  =  H 

—  A.    Hence  we  deduce  7*  =       \    \2GS        /  / 


4 


+sA« 


•K-G*+0-«").  u 


there  be  no 


4 

9  1 

contraction  at  the  entry,  ^  =  G  and  -5-^^  =  «■. 

Having  thus  obtained  the  depth  h  of  the  stream,  we  ob- 
tain the  quantity  of  water  by  combining  this  with  the 
width  w  and  the  velocity  V. 

But  as  this  was  but  an  approximaticm,  it  is  necessary  to 
examine  whether  the  velocity  V  be  possible.  This  is  very 
easy.  It  must  be  produced  by  the  fall  H  — -  A.  We  shall 
have  no  occaoon  for  any  correction  of  our  first  assumption, 
if  h  has  not  been  extravagantly  erroneous,  because  a  small 
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miflCake  in  A  produces  almoft  the  nnie  tBciatkm  in  d  The 
test  of  accuracy,  however,  is,  that  &,  together  with  the 
hdg^t  which  will  produce  the  veloca^  V,  must  make  up 
the  whole  h^ht  H.  Assunung  h  too  small  leaves  H  — '& 
too  great,  and  will  gtYe  a  small  ydodtj  V,  irtuch  requires 
a  small  Tslue  of  H— Jk.  The  error  of  H  — A  therefofe  is 
always  greater  than  the  error  we  haye  committed  in  our 
first  assumption.  Therefore  when  this  enorof  H-— Ais 
but  a  trifle,  such  as  one-fourth  of  an  inch,  we  may  rest  sa- 
tisfied with  our  answer. 

Perhaps  the  eaaest  process  may  be  the  following :  Sup- 
pose the  whole  stream  in  train  to  have  the  depth  H.  The 
velocity  V  obtained  for  this  depth  and  slope  by  the  Table 
requires  a  certain  productive  height  u.  Make  VH  +  u : 
H  =  H :  A,  and  h  will  be  exceedingly  near  the  truth.  The 
reason  is  obvious. 

Quest  8.  Given  the  discharge  (or  quantity  to  be  fur- 
nished in  a  second)  Q.  The  height  H  of  the  basin  above 
the  bottom  of  the  canal,  and  the  slope,  to  find  the  dimen- 
rions  of  the  canal  ? 

Let  X  and  y  be  the  depth  and  mean  width.    It  is  pliun 

Q 

that  the  equation  —  =  v2G  v  H  —  a?  will  rive  a  va- 
^  xy  ° 

lue  of  ^  in  terms  of  or.  Compare  this  with  the  value  of  y 
obtained  from  the  equation  A  =  ^^VZIIZZ.  This 

will  give  an  equation  containing  only  x  and  knovm  quanti« 
ties.  But  it  will  be  very  complicated,  and  we  must  have 
recourse  to  an  approximation.  This  will  be  best  under- 
stood in  the  form  of  an  example. 

Suppose  the  depth  at  the  entry  to  be  18  inches,  and  the 
slope  TB^».     Let  1200  cubic  feet  o£  water  per  minute  be 
the  quantity  of  water  to  be  drawn  ofl;  for  working  ma- 
chinery  or  any  other  purpose ;  and  let  the  canal  be  sup- 
posed of  the  best  form,  recommended  in  the  article  River, 
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where  the  boae  of  the  akipiiig  aide  is  four-thirds,  of  the 


The  slightest  conaderation  will  show  u^  that  if  -^^  he 

taken  for  the  hdgfat  fnodudiig  the  velodtj,  it  oaimoC  ex- 
ceed 2  inches,  nor  be'  less  than  1.  Suppose  it  >=  2,  and 
therefore  the  depth  of  the  stream  in  the  canal  to  be  16 
indies ;  find  the  mean  width  of  the  canal  by  the  equation 

Q 

sp  ss  /  807  \9  ^^  which  Q  is  20  co- 

»Ud-.0,l)(-^-0^y 

bic  feet   (the  60th  part  of  1200),   ^  is  =  28,156, 

=  Vi000  —  L  '^lOOO  +  1,6,  and  ft  =  16.  This  gives 
w  =  5,62  feet.  The  section  n  =  7,36  feet,  and  V  =  82,6 
inches.  This  requires  a  fall  of  1,52  inches  instead  of  2 
inches.  Take  this  from  18,  and  there  remains  16,48, 
which  we  shall  find  not  to  differ  one-tenth  of  an  inch  from 
the  exact  depth  which  the  water  will  acquire  and  maintain. 
We  may  therefore  be  satisfied  with  assuming  5,36  feet  as 
the  mean  width,  and  3,53  feet  for  the  width  at  the  bottom. 

This  approximation  proceeds  on  this  consideration,  that 
when  the  width  diminishes  by  a  small  quantity,  and  in  the 
same  proportion  that  the  depth  increases,  the  hydraulic 
mean  depth  remains  the  same,  and  therefore  the  velocity 
also  remains,  and  the  quantity  discharged  changes  in  the 
exact  proportion  of  the  section.  Any  minute  error  which 
may  result  from  this  supposition,  may  be  corrected  by  in- 
crcanng  the  fall  producing  the  velocity  in  the  proportion  of 
the  first  hydraulic  mean  depth  to  the  mean  depth  corre- 
sponding to  the  new  dimensions  found  for  the  canaL  It 
will  now  become  1,53,  and  V  will  be  32,72,  and  the  depth 
will  be  16,47.  The  quantity  discharged  being  divided  by 
V,  will  pve  the  section  =  7,335  feet,  from  which,  and  the 
new  depth,  we  obtain  5,344  for  the  width. 

This  and  the  foregoing  arc  the  most  common  questions 
proposed  to  an  engineer.  We  asserted  with  some  confidence 
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that  few  of  the  profesiioa  are  ahle  to  answer  them  with  li>- 
lerahle  predaioD.    We  cannot  ofiiend  the  profcMmial  gcD- 
tkmen  by  tiuB,  when  we  infonn  them,  that  the  Academy 
rf  Scienoes  at  Parifl  were  occupied  during  aevenl  mooths 
with  an  examination  rfa  plan  propoeed  by  M.  De  Fanaeux, 
fer  bringing  the  waters  of  the  Yvette  into  Fans ;  and 
after  the  most  mature  eonadenuion,  gave  in  a  sepoet  of  ibe 
quantity  of  water  which  M.  De  Parcieux'a  aqueduct  woold 
yield,  and  that  their  report  has  been  found  erroneous  in  the 
pcoporUon  of  at  least  2  to  5 :  for  the  waters  have  been 
brought  in,  and  exceed  the  report  in  this  proportion.    In- 
deed long  after  the  giving  in  the  report,  M.  Penonet,  the 
most  celebrated  engineer  in  France,  affirmed  that  die  (E- 
mensions  proposed  were  much  greater  than  were  necnnry, 
and  said,  that  an  aqueduct  of  Bi  feet  wide,  and  S|  deep, 
with  a  slope  of  16  inches  in  a  thousand  fiuhoms,  would 
have  a  velocity  of  12  or  13  inches  per  second,  whidi  would 
bring  in  all  the  water  furnished  by  the  proposed  sources. 
The  great  diminution  of  expense  occauoned  by  the  altera- 
tion encouraged  the  community  to  undertake  the  work. 
It  was  accordingly  begun,  and  a  part  executed.    The  wa- 
ter was  found  to  run  with  a  velocity  of  near  19  indies  when 
it  was  3^  feet  deep.     M.  Perronet  founded  his  computa- 
tion on  his  own  experience  alone,  acknow^ledging  that  he 
had  no  theory  to  instruct  him.     The  work  was  carried  no 
farther,  it  being  found  that  the  city  could  be  supplied  at  a 
much  smaller  expense  by  steam-engines  erected  by  Boulton 
and  Watt.     But  the  facts  which  occurred  in  the  partial 
execution  of  the  aqueduct  are  very  valuable.     If  M.  Per- 
ronet^s  aqueduct  be  examined  by  our  general  formula,  i 
will  be  found  =  *Voc5  ^^^  ^  =  18,72,  from  which  we  de- 
duce the  velocity  =  18|,  agreeing  with  the  observation 
with  astonishing  precision. 

The  experiments  at  Turin  by  Michclotti  on  canals  were 
very  numerous,  but  complicated  with  many  circumstance> 
wliich  would  render  the  discussion  too  long  ibr  tliis  place. 
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When  deared  of  these  dfcumstanoes,  vhidi  we  hare  done 
with  scrupulous  care,  they  are  also  abundantly  eonionnable 
to  our  theory  of  ihb  ubifinrm  motioD  of  running  waters. 
But  to  return  (o  our  subjiect : 

Should  it  be  required  to  bring  off  at  onoe  {ran  the  ba- 
nn  a  mill  course,  haying  a  determined  velocity  for  driting 
an  under-shot  wheel,  the  jnoblem  beoomes  easier,  because 
the  velority  and  Aype  combined  detennhie  the  h^pdraulic 
mean  depth  at  onte ;  and  the  depth  of  the  stream  will  be 
had  by  means  of  the  hogfat  which  must  be  takeii  for  the 
whole  depth  at  the  entry,  in  order  to  produce  the  reqtiired 
velocity. 

In  like  manner,  haidng  given  the  qilantity  to  be  dis- 
charged, and  the  velocity  and  the  depth  at  the  entry,  we 
can  find  the  other  dimemdons  of  the  channd;  and  the 
mean  depth  being  fimnd,  we  can  determine  the  slope. 

When  the  slope  of  a  canal  is  very  small,  so  that  the 
depth  of  the  uniform  stream  difiers  but  a  little  from  that  at 
the  entry,  the  quantity  discharged  is  but  small.  But  a  great 
velodty,  requiring  a  great  &11  at  the  entry,  produces  a 
great  dinunutian  of  depth,  and  therefore  it  may  not  con^ 
pensate  for  this  diminution,  and  the  quantity  discharged 
may  be  smaller.  Improbable  as  this  may  appear,  it  is  not 
demonstrably  Cslse ;  and  hence  we  may  see  the  propriety 
ci  the  following 

QuMiofh  S.  Given  the  depth  H  at  the  entry  rf  a  rectan- 
gular canal,  and  also  its  width  v,  required  the  dope,  depth, 
and  velocity,  which  will  produce  the  greatest  posaUe  dis- 
charge? 

Let  X  be  the  unknown  depth  of  the  stream.    H  — -  ir  is 

the  productive  fall,  and  the  velocity  is  VSG  VH-— J?. 
This  multiplied  hjws  will  give  the  quantity  disdiarged. 

Therefore  w  x  h/ftG  s^H^-^x  must  be  made  a  maxi- 
mum. The  common  process  for  this  ^11  give  the  equation 
2  H  =  8  X,  or  ar  =  §  H.  The  mean  velodty  will  be  v^5G 
v^^H;  the  lection  will  be  §  v  H,  and  the  discharge.^: 
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§  •2GwH  •pfjanddsJI^Jl^.    With  these  data 

the  abpe  is  easily  had  by  the  fonnula  for  unifonn  motion. 

If  the  canal  is  of  the  trapezoidal  form,  the  iiiYestigation 
is  iiu»re  trouUesome,  and  requires  the  resQlution  of  a  cubic 
equation. 

It  may  appear  strange  that  increanng  the  slope  of  a  ca- 
nal beycmd  the  quantity  determined  by  this  problem  can 
diminish  the  quantity  of  water  conveyed.    But  one  of 
these  two  things  must  happen;   either  the  motion  will 
not  acquire  uniformity  in  such  a  canal  for  want  of  length, 
or  the  discharge  must  diminish.     Supposing,  however, 
that  it  could  augment,  we  can  judge  how  far  tins  can 
go.    Let  us  take  the  extreme  case,  by  making  the  canal 
vertical.     In  this  case  it  becomes  a  simple  war  or  waste- 
board.    Now  the  dischaige  of  a  wasteboard  is  f  JWCr  w 

(A  "  •—  (^  hy.     The  maximum  determined  by  the  preced- 
ing problem  is  to  that   of  the  wasteboard  of  the  same  di- 

{  }  

mensions  as  H  V^H:  H    ^-(^H)    ,  or  as  H  V^H: 

H  V  H  —  i  H  V  JH,  =  5773 :  6466,  nearly  =  9 :  10. 

Having  given  the  dimensions  and  slope  of  a  canal,  we 
can  discover  the  relation  between  its  expenditure,  and  the 
time;  or  we  can  tell  how  much  it  will  dnk  the  surface  of  a 
pond  in  24  hours,  and  the  gradual  progress  of  this  effect; 
and  this  might  be  made  the  subject  of  a  particular  problem. 
But  it  is  complicated  and  difScult.  In  cases  where  this  is 
an  interesting  object,  we  may  solve  the  question  with  suffi- 
cient accuracy,  by  calculating  the  expenditure  at  the  begin- 
ning, supposing  the  basin  kept  full.  Then,  from  the  known 
area  of  the  pond,  we  can  tell  in  what  time  this  expenditure 
will  sink  an  inch ;  do  the  same  on  the  supposition  that  the 
water  is  one-third  lower,  and  that  it  is  two-Uiirds  lower 
(noticing  the  contraction  of  the  surface  of  the  pond  occa- 
sioned by  this  abstraction  of  its  waters).  Thus  we  shall  ob- 
tain three  rates  of  diminution,  from  which  we'can  easily  de- 
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cluoe  the  deared  relation  betwe«i  the  expen^ture  and  the 
time. 

Aqueducts  derived  from  a  basin  or  river  are  commonly 
furnished  with  a  sluice  at  the  entry.  This  changes  exceed- 
ingly the  state  of  things.  The  slope  of  the  canal  may  be 
precisely  such  as  will  maintain  the  mean  velodty  of  the  wa- 
ter which  passes  under  the  sluice  ;  in  which  case  the  depth 
of  the  stream  is  equal  to  that  of  the  sluice,  and  the  velocity 
is  produced  at  once  by  the  head  of  water  above  it  But  if 
the  slope  is  less  than  this,  the  velocity  of  the  issuing  water  is 
diminished,  and  the  water  must  rise  in  the  canak  This 
must  check  the  efflux  at  the  sluice,  and  the  water  will  be  as 
it  were  stagnant  above  what  comes  through  below  it  It  is 
extremely  difficult  to  determine  at  what  precise  ope  the 
water  will  be^n  to  check  the  efflux.  The  contraction  at 
the  lower  edge  of  the  board  hinders  the  water  from  attain- 
ing at  once  the  whole  depth  which  it  acquires  afterwards, 
when  its  velocity  diminishes  by  the  obstructioiis.  While 
the  r^orging  which  these  obstructions  occasion  does  not 
reach  back  to  the  sluice,  the  efflux  is  not  affected  by  it.— 
Even  when  it  does  reach  to  the  sluice,  there  will  be  a  less 
depth  immediately  behind  it  than  farther  down  the  canal, 
where  it  is  in  train ;  because  the  swift-moving  water  which 
is  next  the  bottom  drags  with  it  the  r^rged  water  which 
lies  on  it :  but  the  canal  must  be  rapid  to  make  this  differ- 
ence of  depth  sensible.  In  ordinary  canals,  with  moderate 
slopes  and  velocities,  the  velocity  at  the  sluice  may  be  safe- 
ly taken  as  if  it  were  that  which  corresponds  to  the  differ- 
ence of  depths  above  and  below  the  sluice,  where  both  are 
in  train. 

Let  therefore  H  be  the  depth  above  the  sluice,  and  h  the 
depth  in  the  eanal.  Let  e  be  the  ejevation  of  the  sluice 
above  the  sole,  and  let  6  be  its  breadth.    The  discharge 

will  he  e  b  VH  — A  V 2G  for  the  sluice,  and  w  A  — --? 

V* 

tj — ^     ,    tofr  the  canal.     These  must   be   the  same. 
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This  giiefl  the  equation  e  b  •JU'—h  s'sS"  =  w  ft    -r^ 

J --i   cutitttiiung  the  solution  of  all   Uie  ouestiona 

^  W  +  2  A 

which  can  be  proposed.  The  ouiy  uncertainty  ia  in  tfao 
quantity  G,  which  expresses  the  velocity  competent  U>  tin 
passage  of  the  water  through  the  orifice,  circumstanced  as 
it  in,  namely,  subjecleil  to  contraction.  This  may  be  n% 
gutnted  by  a  proper  form  given  to  the  entry  into  thu  ori- 
fice. The  contraction  may  be  almost  annihilatied  bymaldng 
tlie  masonry  of  a  cyclodtat  form  on  both  side;^,  auf  also 
at  the  lower  edge  of  the  siuice-board,  so  as  to  ^ve  the  uri- 
flce  a  form  resembling  Fig.  5,  D,  in  the  article  Riveu.  If 
the  sluice  is  titin  in  the  face  of  a  basin,  the  contracliun  will 
reduce  S  G  to  jE96.  If  the  sluice  be  aa  wide  as  the  canal, 
2  G  will  be  nearly  5()0. 

Qutstion  4.  Given  the  head  of  water  in  the  batnn  H,  the 
bn^adth  b,  and  elevation  e  of  the  sluice,  and  the  breadth  v 
and  slope  3  of  the  canal,  to  find  the  depth  A  of  the  stmun, 
the  velocity,  and  tlii?  discharge  ? 

Wemust  (as  in  ilaettion  9.)  make  a  first  stq^nitifn  for 
k,  in  teller  to  find  the  proper  value  of  d,    Tbcn  Ibe  Mfoa* 

dtfi^  oomnderaUy  froA  the  one  which  we  assomed  in  Aider 
to  begin  the  cotnputatioD,  make  use  of  it  fer  <  obtnuig  < 
new  value  of  d,  and  repeat  the  operation.  We  slwll  mdy 
be  obliged  to  perform  a  third  operation. 

The  fbUowing  is  Af  frequent  use : 

tiuettion  ff.  Given  the  dimenriena  and  the  dofe,  «ilk 
the  Telodity  and  dischtfge  of  a  river  in  its  av&iary  aUlB, 
required  the  area  or  section  of  the  sluice  which,  will  tarn 
the  waters  to  a  certain  height,  still  allowitig  the  same  qiuui- 
tity  oF  witer  to  past  through  ?   Such  an  jofcntiDa  aMf 


rendar  the  river  navigaUe  fiw  small  daft  or  rafts  above  the 
sluj<«. 

The  problem  is  reduced  to  the  determioatioii  of  the  Me. 
of  orifice  which  will  dischaxge  this  water  with  a  ydoctty- 
competent  to  the  hmght  to  which  the  river  is  to  be  raised; . 
only  we  must  take  iato'  consideration  the  velodty  of  the  wa- 
ter above  the  aliuce,  considering  it  as  pxxluced  by  a  fidl 
which  maJbes  a  part  of  the  height  pimluctive  of  the  whole 
velocity  at  the  sluice*  Theiefore  H^  in  our  investigatiotty 
must  consist  of  the  height  to  which  we  mean  to  raise  Urn  > 
waters,  and  the  height  which  will  produce  the  velocity  with . 
which  the  waters  approach  the  sluice:  hp  or  the  dqpth  of 
the  stream,  is  the  ordinary  depth  of  the  river.  Then  (using 

the  former  symbols)   we  have  e  b         ±        ^         r   = 
•  ^  V^2G*(H  — A) 

Q 
•  8G(H  — *)* 

If  the  area  of  the  sluice  is  known,  and  we  n^ould  learn 
the  height  to  which  it  will  raise  the  river,  we  have  H  —  A 

=     ^  *  g  for  the  expression  of  the  rise  of  the  water 

above  its  ordinary  level.  But  from  this  we  must  take  the 
height  which  would  produce  the  velocity  of  the  river ;  so 
that  if  the  sluice  were  as  wide  as  the  river,  and  were  raised 

to  the  ordinary  surface  of  the  wafer,  ^  ^  ^  ,^,  which  ex- 
presses the  h^^t  that  produces  thevekxa^  under  the 
sluioe,  must  be  equal  to  the  depth  fX  the  river,  and  H  — ^/k 
wUlbe  =  0. 

The  performance  of  aqueduct  drains  is  a  veiy  inqxatant 
thing,  and  merits  our  attention  in  this  place.  While  the 
art;  €i£  managing  waters,  and  of  conducting  them  so  as  to 
answer  our  demands,  renders  us  veiy4mpartant  service  by 
embellidiing  our  habitations,  or  promoting  our  commercial 
intercourse,  the  art  of  draining  creates  as  it  were  new 
riches,  fertilising  tracts  of  bog  cmt  marsh,  whidi  was  not 


^  ''     I 
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only  useless,  but  huitfu!  by  its  unwholrsome  e 
and  converting  them  iaio  rich  pastures  and  ga_v  mcadows. 
A  wild  country,  occU]ued  by  marshtn  which  are  inaccessible 
to  ht-rda  or  flocks,  and  serve  only  for  the  haunta  of  water- 
fowls,  or  the  retreat  of  a  few  poor  fishermen,  when  once  it 
is  freed  from  the  waters  in  which  it  is  drowned,  opens  it*  lap 
to  rtccivc  the  most  predous  seeds,  is  soon  clothed  in  die 
richest  garb,  gives  life  and  abundance  to  numerous  herfi, 
and  never  fails  to  become  the  delight  of  the  indostrioui 
cultivator  who  has  eniVancliised  it,  and  is  attached  to  it  by 
the  labour  which  it  cost  him.  In  return,  it  procinw  him 
abundance,  and  supplies  him  with  the  means  of  daily  aug- 
menting its  fertility.  Mo  spencs  of  agriculture  extufaiu 
such  long-continued  and  progressive  iinproTement  Ve« 
families  flock  to  the  spot,  and  there  mulDply  ;  and  there 
nature  seems  the  more  eager  to  repay  th«r  Ubouts,  in 
proportion  as  she  lias  been  obliged,  against  her  will,  U  . 
keep  her  treasures  locked  up  for  a  longer  time,  chilled  I7  ■ 
the  waters.  The  countries  newly  inhabited  by  the  hunoB  I 
race,  as  is  a  great  part  of  America,  especially  to  the  south-  ■ 
word,  are  still  corered  to  a  great  extent  with  maidtes  mi 
.  lakes;  and  they  would  long  remain  in  this  ocodttioa,  if  po- 
pulation, daily  making  new  adrances,  did  not  incteue  u>- 
dustry,  by  multiplying  the  cul^Tating  hands,  at  the  aane 
time  that  it  increases  their  wants.  The  Audnr  of  this 
beautiful  world  has  at  the  beginning  fbnned  the  great 
maases  of  mountwns,  has  icot^ied  out  the  dak*  ind  dopif 
hills,  has  traced  out  the  courses,  and  even  fanaeA  the  becb 
of  the  rivers :  but  he  has  leR.  to  man  the  care  oS  miiong 
his  place  of  abode,  and  the  field  which  must  feed  bk&i  diy 
and  comfortable.  Fw  this  task  is  not  beymd  hb  poves, 
as  the  odiers  are.  Nay,  by  having  this  gireo  to  him  in 
charge,  he  is  richly  repaid  for  his  labour  by  the  very  state 
in  which  he  finds  those  countries  into  which  be  peoetratei 
for  the  first  tune.  Being  covered  with  lakes  and  fcnsts, 
the  juices  of  the  soil  are  kept  for  hiiB  as  it  vtn  ia  rBMrre. 
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The  air,  the  burning  heat  of  tha  sun,  and  the  continual 
muhing  of  nuns,,  would  have  combined  to  expend  and  dis- 
apate  th&r  Tegetable  powers,  had  the  fields  been  exposed 
in  the  same  degree  to  their  action  as  in  the  inhabited  and 
cultivated  countries,  the  most  fertile  moulds  of  which  are 
long  since  lodged  in  the  bottom  of  the  ocean.  All  this 
would  have  been  oomjdetdj  lost  through  the  wlxde  extent 
of  ISouth  America,  had  it  not  been  protected  by  the  fo- 
rests which  man  must  cut  down,  by  the  rank  herbage  which 
he  must  bum,  and  by  the  marsh  and  bog  which  he  must 
destroy  by  draining.  Let  not  ungrateful  man  complain  of 
this.  It  is  his  duty  to  take  on  himself  the  task  of  opening 
up  treasures,  preserved  on  purpose /or  him  with  so  mudi 
judgment  and  care.  If  he  has  discernment  and  sensibility, 
he  will  even  thank  the  Author  of  all  good,  who  has  thus 
hudxmded  them  for  his  use.  He  will  co-qperate  with  his 
beneficent  views,  and  will  be  careful  not  to  proceed  by 
wantonly  snatching  at  present  and  partial  good,  and  by 
picking  out  what  is  most  easily  got  at,  r^ardless  of  him 
who  is  to  come  afterwards  to  uncover  and  extract  the  re- 
maining riches  of  the  ground.  A  wise  administration  of 
such  a  country  will  think  it  their  duty  to  leave  a  just  share 
of  this  inheritance  to  their  descendants,  who  are  entitled  to 
expect  it  as  the  last  legatees.  National  plans  of  cultivation 
should  be  formed  on  this  principle,  that  the  steps  takeri  by 
the  present  cultivators  for  realizing  part  of  the  riches  of  the 
iafimt  country  shall  not  obstruct  the  works  wmch  vnH  af-' 
terwards  be  necessary  for  also  obtaining  the  remainder.  This 
b  carefully  attended  to  in  Holland  and  in  China.  No  man 
is  allowed  to  conduct  the  drains,  by  which  he  recovers  a 
piece  of  marsh,  in  such  a  way  as  to  rendelh  it  much  more 
difficult  for  a  neighbour,  or  even  for  his  own  successor,  to 
drain  another  piece,  although  it  may  at  present  be  quite 
inacoesfflble.  There  remains  in  the  middle  of  the  most  ctil- 
tivated  countries  many  marshes,  which  industry  has  not  yet 
attempted  to  drain,  and  where  the  legislature  has  not  been 
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at  pains  to  pmont  many  little  abuses  which  hare  prodtwej' 
(^levationa  in  Uie  beds  of  rivers,  anit  rendered  the  coiiipIet» 
druining  of  Bonic  lipots  impossible.  Adniinistralioo  should 
attend  to  such  things,  because  their  consequeDces  are  ^tcM. 
Ttie  sciences  and  arts,  by  which  alone  tiiese  ditBcull  and 
costly  jobs  can  be  performed,  should  be  protected,  en«KV 
niged,  and  cherished.  It  is  only  from  science  that  we  csa 
obtain  principles  to  direct  these  arts.  The  problem  of 
draining  canals  is  one  of  the  most  important,  and  yrt  has 
hardly  ever  occupied  the  attention  of  the  hydraulic  sptctt- 
latiat.  We  apprehend  that  Mr  Boat's  theory  will  throw 
great  Ught  on  it ;  and  regret  that  the  very  limited  coodi- 
tion  of  onr  present  work  will  hardly  afford  room  for  a 
slight  sketch  of  what  may  be  done  on  the  subjcot.  We 
shall,  liowever,  attempt  it  by  a  general  problem,  vhich 
will  involve  moat  of  the  chief  circumstances  which  occur  in 
works  of  that  kind, 

Qiiett.  6.  Let  the  Iiollow  ground  A  (Fig,  2.)  be  inm- 
datnl  by  rains  or  springs,  and  have  no  outlet  but  the  canal 
AB,  by  which  it  discharges  its  water  into  the  iiei^bour- 
ing  riTer  BGDE,  'and  th&t  its  surface  b  nearly  oo  a  level 
with  that  of  the  river  at  B.  It  can  only  drain  wbeo  Ae 
river  mnks  in  the  droughts  of  summer ;  and  even  if  it 
could  then  drain  completely,  the  putrid  marsh  would  only 
be  an  infecting  neighbour.  It  may  be  pn^MMed  ta  dmn 
it  by  ORB  or  more  canals ;  and  it  u  required  to  detafune 
timt  lengths  and  other  dimennons,  so  as  to  pvaduoe  Ute 
best  effects  ? 

It  is  evident  that  there  are  many  cireutnstances  to  deters 
mine  the  choi(«,  and  many  conditions  to  be  attended  to. 

If  the  canals  AC,  AD,  AE,  are  respectively  equal  to 
the  portions  BC,  BD,  BE,  of  the  river,  and  have  the  aane 
^opes,  they  will  have  the  same  discharge :  but  they  ane  not 
for  this  reascHi  equivalent.  The  long  canal  AE  may  drain 
the  marsh  completely,  while  the  short  one  AC  will  only  do 
it  in  part;  beceine  the  difference  of  lev^betweA  A  andC 


U  btflt  uwiwkyaMe,  A^  4)e  fce^l)iii»  of  tli^  liver  a^j 
totaUj  pb^tvBt  (be  iDpe^tioid  of  A^y  iphile  jd^e  fia^fd  Afi 
ownpt  l)^  hurt  by  i^i^j  '^  h&ng  sq  mvph  ViW.«F  ^^  P* 
Therefore  the  canal  must  I^  ferried  so  far  down  the  river^ 
that  no  freshes  there  shall  ever  nuse  the  waters  in  the  canal 

so  high  as  tQ  reduce  the  s^)(s  i^  th?  Wff^  W^fifif^fR 
such  a  level  that  th^  pyrzeqyt  isb^ll  not  ^  ^([ffi^^  fo  jQSfnry 
off  the  ordinary  produce  of  water  in  the  m^rsh. 

fitaU  the  profaj^m  is  indeterminate^  admJM^n^  many  solu« 
tions.  This  requiate  discharge  may  be  acoomplidied  by  a 
short  but  wide  canal,  or  by  a  longer  and  narrower.  Lei 
uj»  first  see  what  solution  can  be  mad^  so  as  to  accomplish 
our  purpose  in  the  most  eomomical  manner,  that  is,  by 
ipi6an3  pf  ^  apnaUaist  equ^n. — W^  shal^  gff^  ^^  solutiof^ 
in  tb^  form  of  ^  exainpl^. 

Suppose  tM^  (be  d^ly  produce  9f  raw  a^  8Effing» 
raises  the  water  1^  inch  on  an  area  of  a  square  leagiM^ 
vhich  j^ye^  libwt  IffOJOOO  c)ibic  jTigi^hap^  q£  wafcor.  Let 
the  bottom  of  the  basin  be  three  feet  b^w  the  stuface  of 
the  freshes  in  the  river  at  B  in  winter.  4il^>  that  titi^  slope 
of  the  river  is  2  inches  in  100  fathoms,  or  ^^dth,  and  that 
the  canal  is  to  be  6  feet  deep. 

The  canal  being  supposed  nearly  parallel  to  the  river^  it 
must  be  at  least  1800  fathoms  long  before  it  can  be  adnut- 
te4  Wt9  the  ;riyer»  otherwise  the  bpttom  c^  the  bog  will  be 
lower  than  the  mouth  xsi  the  canal;  and  even  then  a  hun- 
dred pr  two  nuHre  fathoms  added  to  this  will  give  it  sp  httlf 
slope,  that  an  immense  breadth  will  be  necessary  to  make 
the  disdiarge  with  so  small  a  velodty.  On  the  other  hand, 
if  the  p\og(^  of  the  canal  be  made  nearly  equal  to  that  of  the 
river,  an  extravi^ant  length  will  be  necessary  before  its  ad- 
mission into  the  river,  and  many  obstacles  may  ^ben  inter- 
vene.  And  even  then  it  must  have  a  breadth  of  18  feet,  as 
may  easily  be  calculated  by  the  general  hydraulic  theorem. 
By  receding  from  eadi  of  these  extremes,  we  shall  dimi- 
nish the  expense  of  excavation.     Therefore, 
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Let  *  and  ^  be  the  breadth  and  Icngth.and  h  Ar  depth 
(6  feet)  of  the  canal.  Let  q  be  tiie  depth  of  the  bog  be- 
low the  surface  of  the  river,  opposite  to  the  bonn,  D  tl>e 

diBcharge  in  a  second,  and  —  the  alopc  of  the  river.    We 

must  make  7*  xjf  &  ranitmum,  or  x^  +  jr  x  :=  o. 
The  general  formula  pves  the  velocity 

V  =  ^t^^rgjj-  _  0.3  Ud  -  0,1).     This  would 

V«— L^«+1.6 
give  X  and^,-  but  the  logarithmic  term  renders  it  ver/ com- 
plicated. Wcmay  makcuseoflhesimpleform  V  = — ~^^ 

making  \'Ng' nearly  8  y  6.     This  will  be  sufficiently  exact 
for  all  coses  which  do  not  deviate  far  from  this,  because 
the  velocities  arc  very  nearly  in  the  subduplicatc  ratio  of 
the  slopes. 
To  introduce  these  data  into  the  equation,  reoc4Iect  ihst 

\  =  r—i  d  =  %-.•     As  to  S,  recollect  that  ihc  canal 

ft  *  *+2  A 

being  supposed  of  nearly  equal  length  with  the  tiver^ 

will  express  the  whole  difference  of  height,  and  ^  ^  g  is 

the  difference  of  hdght  for  the  canal-     This  quanti^  bdog 

1       ^— o 
divided  by  y,  gives  the  value  of  5  =  ^ .     Theieftjre 

if  

the  equation   for  the   canal   becomes    v'  N  g-  ^/  -    ai 

■/J'_,  NggW 

V  ^ _.    Hence  we  deduce  y=^J^V^__Tji^^Q.. 
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~     f    it   1    >  V      ^'    Kweaubsfatute  these 

values  in  the  equation  ^«'4.c^=:0,  and  reduce  it,  we  ob- 
tain  finally, 

^fe Sx=Sh. 


i. 


If  we  resolve  this  eqUftticm  by  making  N^=  (S96)%  if 

«7616  inches;  A  =  7S,  -  =  3^,  and  D  =:  618400,  w/s 

D     ''■■ 
obtain  «==  S9S  inches,  or  82  feet  8  inches,  and  ?»  or  V 

fix 

=■  18,36  inches.    Now,  putting  these  values  in  the  exact 
formula  for  the  velocity,  we  obtun  the  slope  of  the  cAml', 
which  is  Y^j  nearly  0,62  inches  in  100  fathoms. 
Let  Z  be  the  length  of  the  canal  in  fathoms.    As  the  11- 

il 
▼er  has  2  inches  fall  in  100  fiithom^  the  whole  fall  is  -r-r- 

xlIU 

and  that  of  the  canal  is  —^r*  Thedifferenoeof  these  two 

100 

must  be  3  feet,  wUdi  is  the  difference  between  We  mer  lUiil 
the  entry  of  the  canaL     We  have  therefore  f    "T  |  r  I 

=  36  inches.  Hence  I  =  2604  fathoms ;  and  this  mul& 
plied  by  the  section  of  the  canal  gives  14177  ctibic!  fkthoMteb 
of  earth  to  be  removed. 

This  may  surely  be  done,  in  most  cases,  for  eight  Shil- 
lings each  cubic  fathom,  which  does  not  amount  to  L.6000, 
a  very  moderate  sum  for  completely  draining  of  nine  square 
miles  of  country. 

In  order  to  judge  of  the  importance  of  this  problem,  we 
have  added  two  other  canals,  one  longer  and  the  other 
shorter,  having  their  widths  and  slopes  so  adjusted  bs  to 
ensure  the  same  performance. 
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Wkltli.  Vdodir.  Blopc.  Len^.  BiantiaB. 

FcH.  /h(*m, 

323  18,36  nsB  2604  14177 

21  26,51  ^  mi         ^  '&83S 

Wc  have  con«dered  this  important  problem  in  ib  inost 
umplc  state.  If  the  ba«BO  is  to  from  the  river,  so  that  the 
drtuns  arc  not  nearly  parallel  to  it,  and  therefore  have  less 
slope  atUiiuable  in  their  course,  it  is  more  difliculL  Per- 
haps the  best  method  is  to  trj  two  very  extreme  ca*i  und 
a  middle  one,  and  then  a  fourth,  nearer  to  that  cxlreine 
which  differs  least  from  the  middle  one  in  the  quantin  of 
excavation.  This  will  point  out  on  which  side  the  mini- 
mum of  excavation  lies,  and  also  the  law  by  which  it  di- 
tninishes  and  aAerwards  increases.  Then  draw  a  line,  en 
which  sot  off  from  one  end  the  lengths  of  the  canals.  Al 
each  length  erect  an  ordinate  representing  the  excavation; 
and  draw  a  regular  curve  thrdugh  thti  extremities  rf  the 
ordinates.  From  that  point  of  the  curve  which  is  nearest 
to  the  base  Ihie,  driiw  another  ordinate  to  the  base.  This 
will  point  out  the  best  length  of  the  canal  with  suSicient 
apcuracy.  The  length  will  determine  the  slope,  and  this 
4ill  gira  thi  iddtS,  hy  HaiaVa  of  th^  geAtiM  dl«reil). 
iii  B.^Theae  drainii^  canals  must  always  come  off  from 
the  baaia  with  evasated  entries.  This  mU  prevent  (he  loss 
of  mudi  fall  at  the  entry. 

Two  canals  may  sometimes  be  necessary.  In  this  case 
vipenae  may  frequently  be  saved,  by  making  one  canal  flow 
into  the  other.  Thia»  however,  must  be  at  such  a  distance 
from  the  basia,  that  the  swell  produced  ia  the  other  by 
this  addition  may  not  reach  back  to  the  immediate  n^b- 
bourhood  of  the  baun,  otherwise  it  would  impede  the  per- 
fimoance  of  both.  For  Uiis  purpose,  recourse  must  be  had 
to  the  problem  lit-  in  the  article  Riveb.  We  must 
here  observe^  that  in  this  respect  canals  differ  exceed- 
ingly from  liven :  rivers  enlarge  th^  bedi^  so  as  always 


WATER-WORKS.  571 

• 

to  coarey  erery  iitareafte  of  waters ;  but  a  canal  may  be 
gorged  through  its  whole  length,  and  will  then  greatly  di- 
minish its  disduuqge*  In  order  that  the  lower  extremity  of 
a  canal  may  convey  the  waters  of  an  equal  canal  admitted 
into  it,  their  junction  must  be  so  far  from  the  basin,  that 
the  swell  oocanoned  by  raising  its  watars  nearly  i  more  (vis. 
in  the  subduplicate  ratio  of  1  to  3)  may  not  readi  back  to 
the  basin. 

This  observation  points  out  another  method  of  economy. 
Instead  of  one  wide  canal,  we  may  make  a  narrower  one  of 
the  whole  length,  and  another  narrow  one  reaching  part  of 
the  way,  and  Communicating  With  the  long  canal  at  a  pl^ 
per  distance  from  the  badn.  But  the  lower  extremity  will 
now  be  too  shallow  to  convey  the  waters  of  both.  Therefive 
nuse  its  UOiks  by  using  the  earth  taken  from  its  bed,  whiA 
must  at  any  rate  be  disposed  q£  Thus  the  wtrters  will  be 
conveyed,  aad  the  expense,  even  of  tl^e  lower  part  of  the 
Icmg  otoal,  will  scarcely  be  inereased. 

These  observations  must  suffice  for  an  anount  of  the  mak 
nagement  of  open  canals ;  and  we  proceed  to  the  consider- 
ation of  the  conduct  of  water  in  pipes. 

This  is  much  more  simple  and  regular^  and  the  general 

theorem  requires  very  trifling  modifications  for  adapting 

it  to  the  cases  or  questions  th&t  occut  id  the  pmctice  of  tlie 

civil  engineer.     Pipes  are  always  made  found,  and  th^re^ 

fore  d  is  always  ^th  of  the  diameter.    The  velocity  of  water 

.......         ,,  307(V<f-O,l) 

m  a  pipe  which  is  ra  tram,  is  =  V,  =  ^r^ — . 

/  807 

-0,8(Vd-0,l)or  =  (Vd-0,l)  (^^_^^-j^, 

—  0,3). 

The  chief  questions  are  the  following : 

Quest.  1.  Given  the  height  H  of  the  reservoir  above  the 
place  of  delivery,  and  the  diameter  and  length  of  the  pipe, 
to  find  the  quantity  of  water  discharged  in  &  second  ? 


^ 
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Let  L.  bethc  length,  aitd  h  the  tkll  which  « 
the  velocity  witli   which  the  water  enters  the  pipe,  and 
actually  flows  in  it,  after  ofercooiing  all  obstnictioD».   This 

yi 
may  be  expressed  in  terms  of  the  velocity  by  ^^  G  de- 
noting the  acceleration  of  gravity,  correspoDduig  to  tbc 
manner  of  entry.  When  do  metluxls  are  adopted  iat  ^a~ 
litating  ihe  entry  of  the  water,  by  a  bell-shaped  funnel  or 
otlterviscj  3  G  may  be  assuioed  as  =  500  indies,  or  4S 
feet,  according  as  we  measure  the  velodty  in  inchesor  feet 

1        H-^ 
The  slope  is-. —     ■     3G,  which  must  be  put  into  ibe 

E 

general  formula.     This  would  make  it  very  complicated. 

We  may  simplify  it  by  the  consideration  that  the  velocity 

is  very  small  in  comparison  of  that  aiising  from  the  height 

H :  consequently  A  is  very  small.    Also,  in  the  sane  p^te, 

the  resistances  are  nearly  in  the  duplicate  ratio  of  the  fa- 

locities  when  these  are  small,  and  when  they  di£^  iillie 

among  themselves.    Therefore  make  6  ^  j— ,  taking  \  by 

guess,  a  very  little  less  than  H.     Then  compute  the  mean 
velodty  v  corresponding  to  these  data,  or  take  it  firon  the 

table.     If  A  -f-  5J5  be  ==  H,  we  have  found  the  mean  ve- 

lodty  Vz=t>.     If  not,  m^e  the  following  proportim: 

p*  ya        yi 

•   ^ '  ar  ^ ^  —  HP  ■  er  >  '^'^  "  ^^  Ban\e  with  this 

»■  _iH- 

8  G ' 

— j^        »-+S<3'» 

If  th^  pipe  has  any  beodings,  they  must  be  calcuUtad 
for  in^  ji^j^a^u^  jingiu^pe^  in  tile  ar^|J^.BiTS&  ;  and 
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the  had  of  water  neoesMury  fior  overoonmig  th«  additioiial 

V* 

resistaace  being  called  —  the  last  proportioii  must  be 

changed  for 

Quui.  8.  Given  the  bdgfat  of  :the  reservoir,  the  length 
of  the  pipe,  and  the  quantity  of  water  which  is  to  be  drawn 
off  in  a  second,  to  find  the  diameter  df  the  pipe  wUdi  will 
draw  it  off? 

Let  d  be  considered  as  =  ^  of  the  diameter,  and  let 
1 :  c  represent  the  ratio  of  the  diameter  of  a  circle  to  its 
circumference.    The  section  of  the  pipe  is  4  c  cP*    Let  the 

quanti^  of  water  per  seccmd  be  Q ;  then  r— a    is    the 

mean  vdodty.  Divide  the  length  of  the  pipe  by  the  height 
of  the  reservoir  above  the  place  of  delivery,  diminished  liy  a 
very  small  quantity,  and  call  the  quotient  8.  Consider 
this  as  the  slope  of  the  oDnduit;  the  general  formula  iiow 
becomes 

Q       807 Wd-OA)  n<i(/d     fli^  «r 

43^  = v-.-LV^+LOe  -  ^'^  (•d-.0,l),or 

neglect  the  last  term  in  every  case  of  civil  practice,  and 
also  the  small  quantity  0,1.     This  gives  the  very  simfde 

formula    . 

Q    ^807Vd 
4c(?  VS 

from  which  we  readily  deduee 

i 


j_QVS 


4cx807 


f_Q^S 


S858 


This  process  gives  the  diameter  somewhat  too  small.  But 
we  easily  rectify  this  error  by  computing  the  quantity  de- 
livered by  the  pipe,  whidi  will  differ  a  UUle  from  the  quan<r 
tity  proposed.    Then  observing,  by  this  equation,  thaitwo 


974  WATER-WORKS. 

pipes  ha>ing  Utc  same  length  and  the  eaMne  ilapcgiTei^afr 
lide»  of  water,  of  wliich  the  squares  are  noarlj  as  the  otfa 
powers  of  the  diameter,  we  form  a  new  diameter  in  this  pro- 
purtion,  which  will  be  almost  perfectly  exact. 

It  may  be  observed  that  the  height  assunted  (or  deter- 
minuig  the  elope  in  these  two  questions  will  eeldocn  difler 
iDore  than  au  inoh  or  two  from  tlui  whole  height  of  the  re- 
servoir above  the  place  of  tldivery*  for  in  conduits  uf a 
few  bundted  feet  long  the  velocity  selduni  exceeds  four  fn4 
per  second,  whicJi  requires  unly  a.  head  of  3  iDcbe»> 

Ah  do  inconvenieace  worth  mindiDg  results  fron}  making 
the  pipes  a  tenth  of  an  inch  or  so  wider  than  isbudy  suB- 
cienl,  and  as  this  generally  is  more  than  tbc  crrw  shsing 
from  even  a  very  erroneous  assumptioQ  of  A,  the  answer  firel 
obtiuned  may  be  augmented  by  one  or  two  tenths  of  id 
inch,  and  then  we  may  be  confident  that  our  coodtut  mil 
draw  off  the  intended  quantity  of  water. 

We  presume  that  every  peraon  who  assumea  the  name  of 
engineer  knows  how  to  reduce  the  quaoiity  of  water  mea- 
sured in  gallons,  pints,  or  other  d en oni illations,  to  cuIhc 
inches,  and  can  calculate  the  gallons,  &C.  furnished  by  a 
pipe  of  known  diameter,  moving  with  a  velocity  lliat  b 
measured  in  inches  per  second.  We  furtb^'  suppose  thai 
all  care  is  taken  in  the  construction  of  the  conduit,  to  avoid 
obstructions  occasioned  by  lumps  of  solder  banging  in  tlie 
inside  of  die  fupoiii.  .and,  particuloily,  that  all  the  cocks 
'  and  plugs  by  the  way  hare  waterways  equal  to  the^  Aectioa 
of  the  pipe.  Undertaken  are  most  tmnpted  to  fall  here, 
by  making  the  cocks  too  small,  because  lArge  cocks  are  veiy 
costly.  But  the  employer  should  be  aetupuloudy  aUealin 
to  tins;  because  ft  umple  contriction  of  this  kind  may  be 
the  throwing  away  of  nany  himdred  pounds  in  a  wide  pfe, 
«ttch  yields  DO  more  water  than  can  pus  througbr  the  small 
eock. 

Tbc  c^ief  obstructions  arise  from  the  d^ontkin  of  sand 
wibtidiatlwloiver.fNuta  of  pipes,  or.Jtht^coUaaliaa  ofiir 


iii  the  dj^  ]9ani  ttf  tbdr  hM^  The  vdndt^  bang 
alwajTS  very  moderate,  siteh  deJKisitiotid  of  heavy  tnatters  IM 
oiiavbidable.  The  dtindbt  tAte  should  thet«f<M  be  tok^  to 
We  the  Water  freed  SNM  idl  biitill  thbgtt  at  its  entry  by 
proper  filttatioh;  dfid  iheil^  might  US  he  dteiahig  pliigs  at 
the  Ibw^  paiti  df  th^  bendin^ti,  or  rathet  a  rety  Utile  way 
beyond  theUk  When  these  i!te  dpen<^  khi  ti^er  hioes 
With  g^ter  Vdoeity^  aikd  dtfried  the  di^t^sltiottfii  with  it. 

It  is  iniidi  ifaofe  difficolt  tb  get  rid  of  th^  air  whkh 
choked  the  tiipes  hf  todging  in  their  uppi*  parfiL  Thb  fe 
ddmetimeb  takeii  ih  ddoh^  Vrith  the  watelh  at  the  reBenroirv 
#hi^  the  eiitty  oF  th^  jkpe  h  tdo  ne&r  the  fiuritee.  This 
shoultl  be  e^urdfully  avmded,  ailditeostsnomiubtetodosa 
tf  the  enti^  bf  the  pipe  is  two  feet  tDider  tiie  mirf&ee^  nd  Air 
can  ever  get  in.  Floats  should  be  placed  dbove  theentries^ 
hfltvidg  lid^  hatiging  fMiti  tb^^  whidi  will  «hut  the  p^  be- 
fore  the  winter  runs  too  IbW. 

Btit  iur  is  fdso  diseligtfged  ftoui  dprbg^water  by'merely 
pAiAng  alobg  th6  pipe.  Wbefti  jtipett  Ht^  supplied  by  an  eftt- 
^e,  air  is  very  ofteii  drttWn  in  by  the  pumpa  in  a  disem. 
gaged  isttte.  It  is  ako  disengaged  fiV>m  its  fitjate  of  chemical 
iinion,  vAim  the  jputnps  have  A  Mietibn^pipe  of  10  or  IS 
ft^,  wMdh  is  fery  bommcHi.  In  whatever  way  it  is  intrii'' 
dtioed,  it  ocfflects  ih  all  the  upper  part  of  bendiogs,  and 
diokes  the  ]^Ms2ge,  sd  that  sometimes  not  a  drop  of  wa* 
tei*  is  deliv^ed.  Our  ebcks  riiould  be  placed  there,  which 
should  be  opened  fti^Uetotly  by  persons  who  have  this  in 
ch^lrge.  Desaguliers  describes  a  contrivance  to  be  placed  on 
al!  sudi  enfuhetoiries,  whith  does  this  of  itstifl  It  is  a  pipe 
with  a  cock,  termitating  iA  ft  small  cistern.  The  key  of 
the  cock  has  a  hollo#  \M  of  eopper  at  the  &aA  of  a  lever. 
When  there  is  no  air  ih  die  nilan  pipe,  water  ooines  out  by 
this  dischatger,  fills  the  ci^tern^  raoes  the  bnU^  and  thus 
shuts  the  cock.  But  when  the  bend  of  the  main  ODUtwis 
axr,  it  rises  ihto  the  cistdm,  mA  oecufnes  the  upper  pftrt  of 
ft    Thus  the  floating  ball  fidls  down,  tbe  cock  opens  and 
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fete  out  the  tir,  end  tbs  cMtcni  igHii  Q|pll|^j^4^  <fa4^  jtlic 
Un  riae^  and  the  codt  it  if^nn  dutt 

A  TOy  tmt  oautnTncB.in  tfais  purpose  was  ioTcnted  bj 
dKlatePnfiMor  lUuidlaf  E^aburgh.      The  cytmdrical 
Ipipe  BCDS  (Fig.  &^  it  tli^  upper  part  of  a  bending  of 
Afl  maiii,  u  Kiewcd  no*  the  i^per  end  of  wbich  U  a  flu 
piete  perionted  widi  e  wamSi  bcJe  F>    This  [upe  ctniuw' 
a  hoDoir  cs^per  cylinder  G,  to  the  upper  part  of  wliicbii 
-Aiteaed  a  {Meos  t£  watt  leetftev  H.     When  there  is  air  is 
die  pipe,  it  oomes  out  fay  the  hole  A,  and  occujnes  the  dia^ ' 
dmgor,  and  then  eeaqieethrou^ da  hole  F.    Jhtw^tt 
ioOam»,UMi,  niag  in  the  diadMuyf, lift*  up im  InUof 
lyHnder  G,  eeiuing  the  leather  K  to  i^iplj  itH^  to  die 
|ilate  CD,  and  diut  die  hcdc-    Thua  thanr  ia^pi£<qp$ 
iridKNit  d»  amallaat  loaa  of  watar.  ,    v„ 

Itbof  themoatmstaialcioiiaequeDce.dHt  tfiae*  bp.B) 
eootiactianinanjpaitofaooadiiit.  This  is  .evidani;  brit 
^  ie  ^leo  prudent  to  avoid  all  unueceeaary  ailBqf«9M> 
Foe  iriiai.the  omduit  ■■  fuH  of  wats  morii^  ejny  i^  the 
vriodtj  in  every  section  is  inversely  proportkanl  to  the 
area  of  the  section :  it  is  therefore  dimioisbed  wherever  the 
ppe  is  eolai^ed ;  but  it  must  again  be  increased  where  Uie 
pipe  contracts.  This  cannot  be  vithout  expending  force 
in  the  acceleration.  This  consumes  part  of  the  impelling 
power,  whether  this  be  a  head  of  water,  or  the  fixce  of  an 
en^ne.  See  what  b  said  on  this  subject  in  the  following  dis- 
sertation on  PniiPS.  Nodiing  is  gained  by  any  enlarge- 
ment ;  and  every  contraction,  by  requiring  an  augmentation 
o£  velodty,  employs  a  part  of  the  impelling  Ibrce  precisdy 
equal  to  the  weight  of  a  column  of  water  whose  base  is  the 
amtntctcd  passage,  and  whose  height  is  the  &11  whidi 
would  jHYiduce  a  velocity  equal  to  this  augmentatioo.  This 
point  seems  to  liave  been  quite  overlooked  by  en^ncers  of 
the  first  eminence,  and  has  in  many  instances  greatly  dimi- 
nished the  performance  of  tlieir  best  works.  It  is  no  leas 
detrimental  in  open  canals ;  because  at  every  contraction  s 
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small  fidl  b  reqmred  for  restoring  the  velodty  lost  in  the 
enlargement  of  the  canal,  by  which  the  general  slope  and 
Telocity  are  diminished.  Another  point  which  must  be  at- 
tended to  in  the  conducdng  of  water  is,  that  the  motion 
diould  not  be  subsultory,  but  continuous.  When  water  is 
to  be  driven  along  a  main  by  the  strokes  of  a  redprocating 
en^ne,  it  should  be  forced  mto  an  air-box,  the  spring  of 
which  may  preserve  it  in  motion  along  the  whole  subse- 
qumt  main.  If  the  water  is  brou^t  to  rest  at  every  suc- 
eesnve  stroke  of  the  piston,  the  whole  mass  must  again  be 
put  in  motion  through  the  whole  length  of  the  main.  This 
requires  the  same  useless  expenditure  of  power  as  to  com- 
municate this  motion  to  as  much  dead  matter ;  and  this  is 
over  and  above  the  force  which  may  be  necessary  for  rais^ 
ing  the  water  to  a  certain  hdght ;  which  b  the  only  dr- 
cumstance  that  enters  into  the  calculation  of  the  power  of 
the  pump-engine. 

An  air-box  removes  this  imperfection,  because  it  keeps 
up  the  motion  during  the  returning  stroke  of  the  piston. 
The  compresaon  of  the  air  by  the  active  stroke  of  the  pis- 
ton must  be  sudi  as  to  continue  the  impulse  in  opposition 
to  the  contrary  pressure  of  the  water  (if  it  is  to  be  raised 
to  some  hdght),  and  in  opposition  to  the  fnd&m  at  other 
resistances  whidi  arise  from  the  motion  that  the  water 
really  acquires.  Indeed  a  very  considerable  force  is  em- 
ployed here  also  in  changing  the  motion  of  the  water,  which 
b  forced  out  of  the  capadous  air-box  into  the  narrow  jMpe ; 
and  when  this  change  of  motion  is  not  judiciously  managed, 
the  expenditure  of  power  may  be  as  great  as  if  all  were 
brought  to  rest  and  again  put  into  motion.  It  may  even 
be  greater,  by  causing  the  water  to  move  in  the  opponte 
directbn  to  its  former  motion.  Of  such  consequence  b  it 
to  have  all  these  drcumstances  sdentifically  considered.  It 
is  in  such  partictilars,  unheeded  by  the  ordinary  herd  of 
engineers  or  pump-makers,  that  the  superiority  erf"  an  inteL. 
Ugent  practitioner  is  to  be  seen. 
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Another  material  ppii|(  io  tbp  opnduit  pf  Wiitfnr  in  pipit 
18  the  diatribution  of  it  to  tha  difTmnt  pmw»  whQ  h^iy^ 
oQcaiioD  for  it  ThiBi•f«ltiyd9neig1q!mtb||rifiI^p^^^  It 
&  usual  to  said  the  vfaoie  iptp  a  fiiatmi»  fim  whicli  it  ii 
afterwards  conducted  to  difiereiit  plaoes  m  rngmiii^  pifMM^ 
Till  the  diseoYery  of  the  g«»ei|il  theorem  ly  tlit  Ckl^^nlm 
Buat,  this  has  been  done  vith  gi^eat  ineopiim^y.  £1^ 
neers  think  that  th^  different  pMxcbai^n  fimn  water- worlds 
receive  in  proportion  to  their  lespectiye  bifgpuis  wiiea  tbej 
give  them  pipes  whose  areas  are  piqportipqal  to  tbesepay-? 
mmits.  But  we  now  see,  that  when  these  fipa^  am  <^  any 
considerable  length,  the  waters  of  a  larger  pipe  nm  with  a 
greater  velocity  than  those  of  a  smaller  pipe  haviotg  the  sam^ 
slope.  A  pipe  of  two  indies  diameter  wiU  giveasudi  mqire 
water  than  four  pipes  of  one  inch  diametm^;  it  will  give  as 
much  as  five  and  a  half  sueb  [npes,  or  toffft ;  becauae  the 
squares  of  the  discharges  are  very  nearly  as  the  fifth  powens 
of  the  diameters.  This  point  oug^t  therefore  to  be  care- 
fully considered  in  the  bargains  made  with  the  proprietora 
of  water-works,  and  the  payments  made  in  this  proportion. 
Perhaps  the  most  unexceptionable  method  would  be  to 
make  a  double  distribution.  Let  the  water  be  first  let  off 
in  its  proper  proportions  into  a  second  series  of  small  cis- 
terns,  and  let  each  have  a  pipe  which  will  convey  the  whale 
water  that  is  disdiarged  into  it  The  first  distribution 
may  be  made  entirely  by  pipes  of  one  inch  in  diameter  ; 
this  would  leave  nothing  to  the  calculation  of  the  distri- 
butor, for  every  man  would  pay  in  proportion  to  the  num- 
ber of  such  pipes  which  run  into  his  own  cistern. 

In  many  cases,  however,  water  is  distributed  by  pipes 
derived  from  a  main.  And  here  another  circumstance 
comes  into  action.  When  water  is  passing  along  a  pipe, 
its  pressure  on  the  sides  of  the  pipe  is  diminished  by  its 
velocity  ;  and  if  a  pipe  is  now  derived  from  it,  the  quan- 
tity drawn  off  is  also  diminished  in  the  subduplicate  ratio 
of  the  pressures.     If  the  pressure  is  reduced  to  ^,  ith, 


^\th^  &€.  the  diadiaige  ftv»&  tb^  Ufj^  pipe  i»  rfldueM  tp 

i,  id,  itibf  *<^ 

It  ui  thereforo  of  giMt  importmid^  to  4etonmne»  vb«t 
thia  diminutioii  of  prewire  is  whioh  urises  ftgm  tbp  IIK>^ 
along  the  nuun. 

It  is  plidn,  thit  if  the  witter  sufferi^  no  resistiPpe  \n  the 
main,  its  velod^  would  t^  that  with  which  it  eiitfc»r9d».  wd 
it  would  pass  along  without  exerting  any  pressure.  If  tjbte 
pipes  were  shut  at  the  end,  the  pvcf^sure  m  thepid^  would 
he  the  liill  prasure  of  the  head  of  water.  If  the  bead  inf 
water  remain  the  same,  and  the  end  of  the  tube  be  contract- 
ed,  but  not  stcf>ped  entirely,  the  velocity  ip  the  pipe  is  di- 
minished. If  we  would  have  the  velocity  in  the  ppe  with 
this  contracted  nioutb  augmented  to  wb$t  it  wa4  bafbre  tfap 
contraatUm  wa»  made,  we  must  employ  the  pv^^sure  of  a 
piston,  (^  of  a  head  of  water.  This  19  propagated  througjb 
the  fluid,  and  thus  a  pleasure  is  immediately  excited  on  tb^ 
indes  of  the  pipet  New  obstmctipns  of  any  kind,  ariinng 
firom  imtion  or  any  other  cause,  produce  a  dinuiiutk>n  of 
vdodty  in  the  pipe.  But  when  the  natural  vdocity  i(i 
checked,  the  particles  reset  on  what  obstructs  thar  iooa^ 
Uon ;  and  this  aoUon  is  uniformly  propagated  thiougb  a 
perfect  fluid  in  every  direction.  The  leostance  therefore 
which  we  thus  ascribe  tofiriction,  pioduces  the  same  lateral 
pressure  which  a  contraction  of  the  otifiee^  which  equally 
diminishes  the  vekxnty  in  the  pipe,  would  do.  Indeed  tUa 
is  demonstrable  fiom  any  distinct  ootiona  that  we  ean  form 
of  these  obstructums.  They  proceed  from  the  want  of  peiv 
feet  smoothness,  which  obliges  the  partiok  next  the  sides 
to  move  in  undulated  lines.  This  excites  transverse  forces 
in  the  same  manner  as  any  constrained  curviUneal  motioB. 
A  particle  in  its  undulatad  path  tends  to  escape  firom  it, 
and  acts  on  the  lateral  partides  in  the  same  manner  that  it 
would  do  if  moving  amply  in  a  capillary  tube  having  the 
same  undulations ;  it  would  press  on  the  concave  side  of 
every  such  undulation.    Thus  a  pressure  is  exerted  among 
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the  particles,  which  is  propagated  to  the  sides  of  the  fipt: 
or  the  diminution  of  velocity  may  arise  from  a  risddity  or 
want  of  perfect  fluidity.  This  obliges  tfae  panicle  imme- 
diately prefised  to  drag  along  witli  it  another  putlcie  wbicb 
b  withheld  hy  adhesion  to  the  sides.  This  requires  addi- 
tional pressure  from  a  piston,  or  an  additional  bead  of  irs- 
ter ;  and  this  pressure  also  is  propagated  to  the  sides  d 
the  pipe. 

Hence  it  should  follow,  that  the  pressure  which  waler 
in  motion  exerts  on  the  sides  of  its  conduit  is  pqual  lo 
that  which  is  competent  to  the  head  of  water  whidi  impi^ 
it  into  the  pipe,  diminished  by  the  head  of  water  competent 
to  the  actual  velocity  with  which  it  moves  along  tfae  fnpe. 
Let  H  represent  the  head  of  wfater  which  impek  it  into  tht 
entry  of  the  pipe,  and  k  the  head  which  would  produce  tbe 
actual  velocity ;  then  H  ^A  is  the  cc^umn  which  would 
produce  the  pressure  exerted  on  its  ades. 

This  is  abundantly  verified  by  \ery  simple  ezperimeii Is- 
Let  on  upright  pipe  be  inserted  into  the  side  of  die  main 
pipe.  When  the  water  runs  out  by  the  mouth  of  the 
■amn,  it  will  riae  in  this  branch  till  the  weif^  of  the  co- 
hun  balances  the  pressure  that  supports  it ;  and  if  we 
then  asca^ais  tfae  vdodty  of  tfae  issuing  water  by  meaiu 
of  the  quantity  disdtargod,  and  cmnpute  the  bsad  orb^glit 
iwoesMti^  for  producing  Uiis  vdocity,  and  ;|Hbtract  this 

-  ifimn  the  height  of-  waUr  above  the  entry  of  tbe  main,  we 
•hafi  fiad  the  hogfat  in  the  branch  preeiaely  cqaal  to  tbor 
^ittavaee-  Our  readers  may  see  this  by  gmimining  tbe 
exp^iments  related  by  Gravesonde,  and  atill  better  hj 
«onniltiiig  the  ezperimenU  natraied  by  rBosat,  §  558, 
#tuch  are  detailed  with  great  minutenesa ;  tfae  RSahftcor- 
responded  accuratdy  with  diis  propositim.  Tbe  axpen- 
meats  indeed  were  not  heights  of  watw  suj^iortcd  by  this 
jHcsaure,  but  water  expelled  by  it  throogh  tbe  aune  orilice. 

'  Indeed  the  truth  of  the  proposition  ^pavsin  every  way 
we  can  consider  the  mMion  of  water-     And<as  it  is  of  tbe 
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first  importanoe  in  the  pracdce  of  oondudang  water  (for 
leasoas  which  will  presently  appear),  it  meikt  a  paitioular 
attention.  When  an  melined  tube  is  in  train,  the  aooder- 
ating  power  of  the  water  (or  its  weight  dinmnshed  in  the 
proportion  of  the  length  of  the  oUi^pltf  oriumato  ita  Terti- 

cal  height,  or  its  weight  multiplied  by  the  iracdon — * 

which  expresses  the  sk^),  is  in  equilibrip  nith  the  ob* 
strucdons ;  and  therefiu^  it  exerts  no  pressure  on  the  pipe 
but  what  arises  fixun  its  weight  alone.  Any  part  of  it 
would  continue  to  slide  down  the  inclined  plane  with  aoon- 
stent  vdoci^,  though  detadied  fiom  what  follows  at  It 
therefore  derives  no  pressure  from  the  head  of  water  which 
impelled  it  into  the  jupe.  The  same  must  be  said  of  a  ho- 
riaontal  pipe  infinitely  smooth,  or  opponng  no  lesistanoe. 
The  water  would  moTe  in  this  pipe  with  the  fiill  vdocity 
due  to  the  head  of  water  whidi  impels  it  into  the  entry. 
But  when  the  pipe  opposes  an  obstnictioii,  the  head  of 
water  is  greater  than  duit  which  would  impel  it  into  the 
pipe  with  the  velocity  that  it  actually  has  in  it ;  and  this 
adcUtional  pressure  is  propagated  along  the  pipe,  where  it 
is  balanced  by  the  actual  resistance,  and  therefore  excites  a 
quaqua  versum  pressure  on  the  jnpe.  In  short,  whatever 
part  of  the  head  oi  water  in  the  reservoir,  or  of  the.  pres- 
sure which  impds  it  along  the  tube,  is  not  empleyed  in 
producing  velocity,  is  employed  in  acting  against  sosba  ob- 
stmction,  and  exdtes  (by  the  reaction  of  this  obstnictioa) 
an  equal  pressure  on  the  tube.  The  rule  tberefora  is  ge- 
neral, but  is  sulgect  to  some  modifications  which  dflKrve 
our  attention. 

In  the  simidy  inclined  pipe  BG  (Fig.  4),  the  pressure 
on  any  pomt  S  is  equal  to  that  of  the  head  AB  of  water 
which  impels  the  water  into  the  pipe  wanting,  or  mkuu 
that  of  the  head  of  water  which, would  oommumcale  to  it 
the  velocity  with  which  it  i^ually  moves.  This  we  shall 
call  a^f  and  consider  it  aa  the  weight  of  a  oduma  of  water 
VOL.  II.  8  r 
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alisly  vichin  this  b  wilMidd  by  the  outer  ibn^  but  gVUet 
through  it :  and  thus  aU  the  conoentnc  fihns  glide  within 
those  around  theip,  somewhat  like  the  shdiog  tubes  of  a 
spy-glass,  when  we  draw  it  out  by  taking  hoU  of  die  end 
of  the  innermost.  Thus  the  second  film  passes  beyond 
the  first  or  outermost,  and  becomes  the  outermost  and  rubs 
along  the  tube.  The  third  does  the  same  in  its  turn;  and 
thus  the  central  filaments  come  at  last  to  the  outside^  and 
all  sustain  their  greatest  possible  obstruction.  When  this 
is  acoomjdished,  the  pipe  is  in  train.  This  requires  a  cev* 
tain  length,  which  wecannot  determine  by  theory*  We  see^ 
however,  that  pipes  of  greater  diameter  must  require  a 
greater  length,  and  this  in  a  proportion  which  is  probably 
that  of  the  number  of  ^filaments^  or  the  square  of  the  dia* 
ifeter.  Buat  found  this  supposition  agree  well  enough 
with  his  experiments;  A  fnpe  of  one  inoh  in  diameter 
sustained  no  change  of  velocity  by  gradually  shortening  it 
till  he  reduced  it  to  six  feet,  and  then  it  discharged  a  little 
more  water.  A  jupe  of  two  inches  diameter  gave  a  sennble 
augmentation  of  velocity  when  shortened  to  ftS  feet*  He 
therefore  says,  that  'the  square  of  the  diameter  in  inches, 
multiplied  by  78,  will  express  (in  inches)  the  leogth  neoes* 
sary  for  putting  any  pipe  in  train. 

The  resistance  exerted  by  a  square  inch  of  the  pipe  makes 
but  a  small  part  of  the  pressure  whidi  the  whcde  resistaaoes 
occasion  to  be  exerted  there  before  they  can  be  overoonae. 

The  re»8tance  may  be  represented  by  — ,  when  d  is  the 

hydraulic  dqyth  (^th  of  the  diameter),  and  s  the  length  of  a 
column  whose  vertical  hdght  is  one  inch^  and  it  is  the  re- 
lative wtight  of  a  cdumn  of  water  whose  htm  is  a  sqiuuns 
inch,  and  height  is  d.  For  the  resistance  of  any  kog^i « 
of  pipe  which  is  in  train,  is  equal  to  the  tendency  of  the 
water  to  shde  down  (being  balanced  by  it) ;  that  is,  equal 

to  the  weight  of  this  column  multiplied  by  — .   The  mag* 
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uitudc  of  this  column  is  hat!  by  multiplying  its  length  by 
its  section.  The  section  is  the  product  of  the  border  i  or 
drcumference,  multiplied  by  ihe  mean ileptli  d,ar  ills  l/d. 
This,  multiplied  by  the  length,  abda;  and  this  multipli- 
ed by  tile  slope  —  is  6  rf,  the  relative  weight  of  the  calumu 
whose  length  ia  s.  The  relative  weight  of  tme  iodi  is  there- 
fore — ;  and  this  is  in  cquihhrio  witli  the  rewstance  of  a 

ring  of  the  pipe  one  inch  broad.  This,  when  unfolded,  a 
a  parallelogram  6  inches  in  length.     One  inch  of  this  ttere- 

fore  is  —^1  the  relative  weight  of  a  column  of  water  having 

d  for  its  height  and  it  square  inch  for  its  base.  Suppose 
the  pipe  four  inches  in  diameter,  and  the  elope  ^  SoSfthe 
resistance  is  one  groin ;  fur  an  inch  of  water  wagbs  85S 
grains. 

This  knowledge  of  the  pressure  of  water  in  motion  is  of 
great  importance.  In  the  management  of  rivers  and  ca- 
nila  it  iustructs  us  concerning  the  damages  which  they  pro- 
duce in  their  beds  by  tearing  up  the  soil  ;  it  informs  us  ol' 
the  strength  which  vc  must  give  to  the  banks :  but  it  b  of 
more  consequence  in  the  management  of  close  conduits, 
fiy  this  we  must  regulate  the  strength  of  our  pipes;  by 
this  also  we  must  ascertain  the  quantities  of  water  which 
nay  be  drawn  off  by  lateral  branches  from  any  main  con- 
duit. 

With  respect  to  the  first  of  these  objects,  where  security 
b  our  sole  concern,  it  is  proper  to  consider  the  pressure  is 
the  most  unfavourable  circumstances,  vis.  when  the  end  of 
the  mtun  is  shut.  This  case  is  not  unfrequenL  Nay, 
when  the  water  is  in  motion,  its  velocity  in  a  conduit  sel- 
dom exceeds  a  very  few  feet  in  a  second.  Eight  feetpw 
second  requires  only  one  foot  of  water  to  produce  it.  We 
khould  therefore  estimate  the  strain  in  all  conduits  by  the 
■whole  height  of  the  reservoir. 


WATER-WORKS.  585 

In  order  to  adjust  the  strength  of  a  pipe  to  the  strain, 
we  may  conceive  it  as  consbting  of  two  half  cylinders  of 
insuperable  strength,  joined  along  the  two  seams,  where 
the  strength  is  the  same  with  the  ordinary  strength  of  the 
materials  of  which  it  b  made.  The  inside  pressure  tends 
to  burst  the  pipe  by  tearing  open  these  seams,  and  each  of 
them  sustains  half  of  the  strain.  The  strain  on  an  inch  of 
these  two  seams  is  equal  to  the  weight  of  a  column  of  wa- 
ter whose  hdght  is  the  depth  of  the  seam  below  the  sur- 
&ce  of  the  resenrcnr,  and  whose  base  is  an  inch  broad  and 
a  diameter  of  the  pipe  in  length.  This  follows  from  the 
common  prindples  of  hydrostatics. 

Suppose  the  pipe  to  be  of  lead,  one  foot  in  diameter  and 
100  feet  under  the  surface  of  the  reservoir.  Water  weighs 
62^  pounds  per  foot     The  base  of  our  column  is  there- 
fpre  i^th  of  a  foot,  and  the  tendency  to  burst  the  pipe  is 
100  X  62^  X  T^  =  "If  %  =  621  pounds  nearly.     There- 
fore an  inch  of  one  seam  is  strained  by  260^  pounds.     A 
rod  of  lead  one  inch  square  is  pulled  asunder  by  860 
pound8(STBENGTHOF  Materials,  vol.I.).  Therefore,  if  the 
thickness  of  the  seam  is  =  If  S  inches,  or  ^d  of  an  inch,  it 
will  just  withstand  this  stnun.  But  we  must  make  it  much 
stronger  than  thb,  especially  if  the  pipe  leads  from  an  en- 
gine which  sends  the  water  along  it  by  starts.     Belidor  and 
Desaguiliers  have  given  tables  of  the  thickness  and  weights 
of  pipes  which  experience  has  found  suiScient  for  the  dif- 
ferent materials  and  depths.     Desaguiliers  says,  that  a 
leaden  pipe  of  fths  of  an  inch  in  thickness  is  strong  enough 
for  a  height  of  140  feet  and  diameter  of  7  inches.     From 
this  we  may  calculate  others.     Belidor  says,  that  a  leaden 
pipe  13  inches  diameter  and  60  feet  deep  should  be  half 
an  inch  thick  :  but  these  things  will  be  more  properly  con- 
puted  by  means  of  the  list  given  in  the  article  Stsexoth 
OF  Materials,  vol.  I. 

The  application  which  we  are  most  anxious  to  make  of 
the  knowledge  of  the  pressure  of  moving  waters  is  the  de- 
rivation from  a  main  conduit  by  lateral  branches.     This 
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oocius  very  frequently  in  the  dUtributton  of  iraters  aauyag 
the  inhabiuntB  of  towns ;  and  it  is  so  imperfectly  under- 
stood  by  Uie  greatest  part  of  those  who  take  the  name  of* 
engiijc!«s,  that  individuals  have  no  security  that  they  ^\aii 
get  even  one  half  of  the  water  they  bargain  and  pay  for ; 
yet  thig  may  be  as  accurately  ascertained  as  any  other  pro- 
blem in  hydraulics  by  means  of  our  general  theorem.  The 
case  therefore  merits  our  particular  attention. 

It  appears  to  be  determined  already,  when  we  have  as- 
certmncd  the  pressures  by  which  tlie  water  is  impelled  into 
these  lateial  pipes,  especially  after  we  have  said  that  the 
experiments  of  Bossut  on  the  actual  discharges  fnim  a 
lateral  pipe  fully  confirm  the  theoretical  doctrine.  Bui 
much  remains  to  be  con^dered.  We  have  seen  that  there 
is  a  vast  difference  between  the  discharge  made  through  a 
hole,  or  even  through  a  ^ort  pipe,  and  the  discharge  (ratu 
the  far  end  of  a  pipe  derived  from  a  main  conduit.  And 
even  when  this  has  has  been  ascertained  by  our  new  theo- 
ry, the  discharge  thus  modiGed  will  be  found  coonderably 
different  from  the  real  state  of  tilings :  for  when  wat£r  is 
flowing  along  a  main  with  a  known  velocity,  and  tboefOTe 
exerting  a  known  pressure  on  the  drcle  which  we  pK^K»e 
for  the  entry  of  a  branch,  if  we  insert  a  branch  there  water 
mil  go  along  it :  but  this  will  generally  make  a  ooD^der- 
able  change  in  the  moticm  along  the  mab,  asd'  tbenfbre  in 
the  pressure  which  is  to  expel  the  water.  Italsomakesacon- 
uduvble  change  in  the  whole  quantity  which  fosses  akng 
the  anteriM*  part  of  the  main,  and  a  still  greater  chaoge  on  whit 
moves  along  that  part  of  it  which  hes  beyond  the  brancb :  it 
therefore  affects  \he  quantity  necessary  for  the  whole  suf^ly, 
the  force  that  is  required  for  propdliDg  it,  and  the  quantity 
delivered  by  other  brandtes.  This  part  therefore  of  the  ma- 
nagemmt  of  water  in  conduits  is  ofconsideraUe  importance 
and  intricacy.  We  can  propose  in  this  place  nothing  more 
than  a  solution  of  such  leading  questions  as  mvolve  the  chief 
circumetaDceSi  recommending  to  our  readn^  the  perusal  of 
ori^nal  iiatkM  oo  this  subject.    M.  BoBsut's  expcriaunts 


«re  &llj  compel^  to  the  ertabHdment  of  the  fundameD* 
tal  principle.  The  hole  through  which  Ae  ktenl  dis- 
charges were  made  was  but  a  few  feet  fixxn  the  reterroir^. 
The  pipe  was  mioeearively  lengthened^  by  which  the  reaaU 
ances  were  increased^  and  the  v^dodty  dimimthrA  But 
this  did  not  affect  the  lateral  diacharges,  except  by  alfeeU 
ing  the  pressures;  and  the  disdiargesfiom  tfieendof  the 
main  were  supposed  to  be  the  same  as  when  the  lateral 
pipe  was  not  inserted.  Although  this  was  not  strictly  true^ 
the  diffinenoe  was  insenidble,  because  the  lateral  pipe  had 
but  about  the  18th  part  of  the  aica  of  the  main. 

Sujqpose  that  the  disdiarge  bom  the  retarroir  remaina 
the  same  after  the  derivation  of  this  branch,  then  the  mo- 
tion of  the  water  all  the  way  to  the  insertion  of  the  branch 
is  the  same  as  before ;  but, :  beyond  this,  the  discharge  is 
diminished  by  all  that  is  discharged-  by  the  branch,  wid| 
the  head  x  equivalent  to  the  pressure  on  the  ade.  The 
discharge  by  the  lower  end  of  the  main  being  ^minished^ 
the  velocity  and  resstance  in  it  are  also  diminished.  There^ 
{om  the  difference  between  x  and  the  head  em|dayed  ta 
overcome  the  friction  in  this  second  case,  would  be  a  need^ 
less  or  inefficient  part  of  the  whdle  load  at  the  entry,  which 
is  hnpossible ;  f(»r  every  force  produces  an  effect,  or  it  is 
destroyed  by  some  reaction.  The  effect  of  the  forcing  bead 
of  water  is  to  produce  the  greatest  discharge  corresponding 
to  the  obstructions ;  and  thus  the  discharge  from  the  re- 
servmr,  or  the  supply  to  the  main,  must  be  augmented  by 
the  insertion  of  the  branch,  if  the  forcing  head  of  water  re- 
muns  the  same.  A  greater  portion  therefore  of  the  forc- 
ing head  was  employed  in  produdBg  a  greater  dischaigp 
at  the  entry  of  the  main,  and  the  reminder,  less  than  x, 
produced  the  jnressure  on  tb^  sides.  This  head  was  the 
one  competent  to  the  obstructions  resulting  from  the  velo- 
city beyond  the  insertion  of  the  branch ;  and  this  velodty, 
diminished  by  the  discharge  already  made,  was  less  than 
that  at  the  entry,  and  even  than  thlot  of  the  main  without  a 
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bnuch.  This  will  appear  more  disttnctly  by  puUiog  the 
case  into  the  fona  of  an  equaUoo.  Therefore  let  H  -^  << 
be  the  height  due  to  the  velocity  at  the  entry,  of  wtuch  the 
effect  obtains  only  horizontally-  The  head  x  is  the  cmly 
one  which  acta  on  the  sides  of  the  tube,  tending  to  produce 
the  discharge  by  the  branch,  at  the  same  time  that  it  must 
overcome  the  obstructiong  beyond  the  branch.  If  the  ori- 
6ce  did  not  exist,  and  if  the  force  producing  the  velocity 
on  a  short  tube  be  represented  by  SG,  and  the  section  of 
the  main  by  A*  the  supply  at  the  entry  of  the  main  would 
be  A  VgG  VH^«  ;  and  if  the  orifice  had  no  ioduenoe 
on  the  value  of  x,  the  discharge  by  the  orifice  would  be  D 

/  ^jt  D  being  its  discharge  by  means  of  the  headH, 

when  the  end  of  the  main  is  >but ;  for  the  discharges  are  in 
the  subduplicate  ratio  of  the  heads  of  water  by  which  they 
Hre  expelled ;  and  therefore  ^H:V=D;D     /-A- 

(^)).  But  we  have  seen  that  x  must  diminish;  and  we 
know  that  the  obstnioticns  are  nearly  as  the  square  roots  of 
the  Tdodties,  when  theoe  do  not  differ  much  among  tbem- 
aelves.  Tha«foie  calling  y  the  pressure  or  head  whidi 
balance*  the  leristances  of  the  nuun  without  a  branch,  whik 
«  u  the  head  necessary  for  the  mun  with  a  hrmAy  we 

may  institute  tins  proportion  ^ :  H — y^x: — ^j 

and  this  fourth  term  will  express  the  head  produong  the 
velodty  in  the  main  beyond  the  branch  (as  H  ^y  would 
have  done  in  a  main  without  a  branch).  Thia  Telocity  be- 
yond the  branch  will  be  ViG  /lIH^£>,  and  the  dis- 
charge at  the  end  will  be  A  ^JdG    /iS^S      If  to 

this  we  add  the  discharge  of  the  branch,  the  sum  will  be 
the  whole  discharge,  and  therefore  the  whole  supply.  There- 
fore we  have  the  following  equation,  A  ^^9G  ■/{!— y  = 
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AV25    a  (H  —y)  +  D    /J^.  From  this  we  deduce 
V  V  V    H 


8  GHA* 

the  yalue  of  x  =  (^^yH=^  ^.  ^J^  g  g^, . 

This  value  of  x  being  substituted  in  the  equatioo  of  the 


discharge  )  of  the  branch,  which  was  =  D    /  -tt^  "^^ 

give  the  dischai^gea  required,  and  tbrf  will  diier  ao  much 
the  more  from  the  diadiarges  ralnilated  accordfaigtothe 
ample  theory,  as  the  velocity  hi  the  main  is  greater.  By 
the  ample  theory,  we  mean  the  supposition  that  the  lateral 
discharges  are  such  as  would  be  produced  by  the  head 
H  -^  A^  where  H  is  the  height  ()f  the  reservoir,  and  h  the 
head  due  to  the  actual  velocity  in  the  main. 

And  thus  it  appears  that  the  proportion  of  the  discharge 
by  a  lateral  pipe  from  a  mun  that  is  shut  at  the  far  end, 
and  the  disdiarge  from  a  main  that  is  open,  depends  not 
only  <m  the  pressurel,  but  also  on  the  sise  of  the  lateral 
pipe,  and  its  distance  from  the  reservmr.  When  it  is  large, 
it  greatly  alters  the  train  of  the  main,  under  the  same 
head,  by  altering  the  discharge  at  its  extremity,  and  the 
velocity  in  it  beyond  the  brandi ;  and  if  it  be  near  the  re- 
servoir, it  greatly  alters  the  train,  because  the  diminished 
velocity  takes  place  through  a  greater  extent,  and  there  is 
a  greater  diminution  of  the  resistances. 

When  the  branch  is  taken  off  at  a  oonnderaUe  distance 
from  the  reservoir,  the  problem  becomes  more  complicated, 
and  the  head  « is  resolved  into  two  parts ;  one  of  which 
balances  the  resistance  in  the  first  part  of  the  main,  and 
the  other  baknces  the  resistances  beyond  the  lateral  pipe, 
with  a  velocity  diminished  by  the  discharge  from  the 
branch.— -A  branch  at  the  end  of  the  main  produces  very 
little  change  in  the  trmn  of  the  ppe. 
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When  the  lateral  discharge  is  great,  the  train  maj  be 
BO  altered,  tliat  the  remaining  part  of  the  main  will  not  run 
full,  and  then  the  braiicb  will  not  yield  the  same  quantity. 
The  velocity  in  a  very  long  horizontal  tube  may  be  m 
small  (by  a  Email  head  of  water  and  great  obstructions  in 
a  very  long  tube)  that  it  will  just  run  fuU.  An  orifice 
mode  in  its  upper  side  will  yield  nothing  i  and  yet  a.  small 
tube  inserted  into  it  will  carry  a  colunan  almost  as  hi^  ae 
the  reeervoir.  So  that  we  cannot  judge  in  all  cases  of  the 
pressures  by  the  discliarges,  and  vice  versa. 

If  there  be  an  inclined  tube,  having  a  head  gnsier  tbui 
wbat  is  competent  10  the  velocity,  we  may  bring  it  into 
txaiu,  by  an  opening  on  its  upper  side  near  the  reservoir. 
ThiB  will  yield  some  water,  and  the  velocity  will  dimiiu^ 
in  the  tube  till  it  is  in  train.  If  we  should  now  enlsr^ 
die  hole,  it  will  yield  no  more  water  than  before. 

And  tlms  we  have  pointed  out  the  chief  circumetaJices 
which  affect  these  lateral  discharges.  Tlie  discharges  are 
afterwards  uioditicd  by  the  conduits  in  which  (hey  are  con- 
veyed to  their  places  of  destination.  '  These  being  genenii- 
ly  *]£  small  dimen»ons,  for  the  sake  of  economy,  the  vd» 
city  is  much  diminished.  But,  at  the  same  time,  it  ^otmcIi- 
C8  nearer  to  tbaP  which  the  same  conduit  would  bnag  di- 
Kctly  from  the  leaervur,  because  its  small  vdod^  will  pro- 
duce a  less  change  in  the  train  of  the  main  oguluit. 

We  shall  now  treat  of  jets  of  water,  which  still  make  an 
ornament  in  the  magnificent  pleasure  grounds  (rf  the  wml- 
thy.  Some  of  these  are  indeed  grand  objects,  auch  as  the 
two  St  Feterhoffin  Russia,  which  spout  about  60  feet  hi^ 
a  oolumo  of  nine  incbe&  diameter,  which  fiUk  again,  and 
shakes  the  ground  with  its  blow.  Even  s  qxiut  of  an  indi 
or  two  inches  diameter,  lancing  to  the  height  of  150  feet, 
is  a  gay  object,  and  greatly  enlivens  a  pleasure-grouiKl,  es- 
pearly  when  the  changes  of  a  gentle  breeze  bend  the  jet 
to  one  ^de.     But  we  have  no  room  left  for  treating  this 


subject,  whicfa  b  of  mae  moetjr ;  and  muti  eoMdiide  this 
with  a  voy  diort  aecxMBt  of  the  namgtiiMail  of  war 
■n  active  poiver  lor  iaqpelling  machiaary. 


II.     OfMachinery  driven  hy  WaUr. 

This  is  a  veij  comprelienBiye  artide^  inciiMBiig  alnyisi 
every  possible  species  of  null.  It  is  no  kas  important,  and 
it  is  therefore  matter  of  regret  that  we  cannot  enter  into 
the  detail  which  it  deserves.  The  mere  description  of  the 
immense  variety  of  mills  which  are  in  general  use  would 
fill  volumes,  and  a  sdentific  description  of  their  principles 
and  maxims  of  construction  woald  almost  form  a  complete 
body  of  mechanical  science.  But  this  is  fiur  beyond  the  li- 
nnts  of  a  work  like  our&  Many  of  these  machines  have 
been  already  described  undor  their  proper  names,  or  un- 
der the  articles  which  give  an  account  of  their  manufine- 
tures;  and  fior  others  we  must  refer  our  readers  to  the  oii- 
ginal  WOTks,*  where  they  are  described  in  minute  detaiL 
The  great  academical  collection  Des  Arts  et  MeHers^  pub- 
lished at  Paris  in  many  folio  volumes,  contains  a  descrip- 
tion oCthe  peculiar  machin^  of  many  mills ;  and  the  vo- 
lumes of  the  Uncjfckpidie  Methodique^  which  particularly 
relate  to  the  mechanic  arts,  already  contain  many  more. 
All  that  we  can  do  in  tliis  {dace  is,  to  cmisider  the  chief 
eircomstances  that  are  common  to  all  water^nUls,  and  from 
whidi  aH  must  derive  their  efficacy.  These  circumstances 
are  to  be  ibnnd  in  the  iiuumer  of  employing  water  as  tm 
acting  power,  and  most  of  them  are  ccnnprebended  in  the 
constructicm  of  water-wheel&  When  we  have  explained 
the  princijries  and  the  maxims  of  eGOstmetbn  of  a  water- 
wheel,  every  reader  amversant  in  mechanics  knows,  that 
the  axis  of  this  wheel  may  be  employed  to  transmit  the 
farce  impressed  ^  it  to  any  species  of  machiaM*y^  There- 
fore nothing  subsequent  to  this  can  with  propriety  be  con- 
sidered as  vkder^nprktn 
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Water-wheels  are  of  two  kinds,  diBtii^;iiisfaed  b;  (he 
niitnncr  in  which  water  is  made  an  impclting  power,  va. 
by  ils  weight,  or  by  its  impulse.  This  requires  a  very  dif- 
ferent form  and  manner  of  adaptation  ;  and  this  forms  an 
ostensible  distinction,  sufBdently  obvious  to  give  a  name  to 
each  class.  When  water  is  made  to  act  hy  its  wdght,  k'n 
delivered  from  the  spout  as  high  on  the  wheel  as  pos^ble, 
that  it  may  continue  long  to  press  it  down  :  but  wben  it  it 
made  to  strike  the  wheel,  it  is  delivered  as  low  as  possible, 
that  it  may  have  previously  acquired  a  great  velocity.  And 
thus  the  wheels  arc  said  to  be  oterghot  or  uxsEasBor. 

(^Overshot  WJteeU. 

This  is  nothing  but  a  frame  of  open  budiet^  bo  (fisposed 
rotmd  the  rim  of  a  wheel  as  to  receive  the  water  delirered 
from  a  spout ;  so  that  one  side  uf  the  wheel  is  loaded  nilh 
water,  while  the  other  is  empiy.  The  consequence  mua 
foe,  that  the  loaded  side  must  descend.  By  this  motion 
the  water  runs  out  of  the  lower  buckets,  wtuZe  the  empty 
buckets  of  the  rising  side  of  the  wheel  come  under  the 
spout  in  their  turn,  and  are  filled  with  water. 

If  it  were  pos»ble  to  construct  the  buckets  in  such* 
manner  as  to  remain  completely  filled  with  water  till  they 
come  to  the  very  bottom  of  the  wheel,  the  pressure  with 
which  the  water  urges  the  wheel  round  its  axis  would  be 
the  same  as  if  the  extremity  of  the  horizontal  ndius  were 
continually  loaded  with  a  quantity  of  water  euffioenttofiU 
a'square  pipe,  whose  section  is  equal  to  that  of  the  bucket, 
and  whose  length  is  the  diameter  of  the  wheeL  F<s  let 
the  buckets  BD  and  EF  (Fig.  5.)  be  compared  together, 
the  arches  DB  and  EF  are  equal.  The  mechanical  ener' 
gy  of  the  water  contained  in  the  bucket  EF,  or  the  pressure 
with  which  its  weight  urges  the  wheel,  is  the  same  as  if  all 
this  water  were  hung  on  that  point  T  of  the  b<»izontal  arm 
CF,  where  it  is  cut  by  the  vertical  or  plumb-fine  BT.  This 
is  plain  from  the  most  elementary  principles  of  nedianics. 
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Therefore  the  effect  of  the  bucket  BD  b  to  that  of  the 
bucket  £F  at  CT  to  CF  or  CB.  Draw  the  horizontal 
lines  FBbb,  QUdd.  It  is  plain,  that  if  BD  is  Uken  very 
small,  so  that  it  may  be  considered  as  a  straight  line,  BD : 
BO  =  CB :  BP,  and  EF:  Brf~ CF:  CT,  andEF  X  CT 
=  bdx  CF.  Therefore  if  the  prism  (^  water,  whose  ver- 
tical section  is  ft  &<2(I,  were  hung  on  at  F,  its  ibiee  to  urge 
the  wheel  round  would  be  the  same  as  that  of  the  water 
lying  in  the  bucket  BD.  The  same  may  be  said  of  every 
bucket ;  and  the  effective  pessureof  the  whole  ring  of  wa- 
ter Ay*HKFI,  in  its  natural  situation,  is  the  same  with  the 
pillar  of  water  ahha  hung  on  at  F.  And  the  effect  of 
any  portion  B  F  of  this  ring  is  the  same  with  that  of  the  cor-' 
responding  portion  b  'Efb  of  the  vertical  pillar.  We  do  not 
take  into  account  the  small  differ^ice  which  arises  from  the 
depth  B  or  F^  because  we  may  suppose  the  drcle  describ- 
ed through  the  centres  of  gravity  of  the  buckets.  .  And  in 
the  farther  prosecution  of  this.subject,  we  shall  take  simi- 
lar liberties,  with  the  view  of  simplifyifug  the. subject,  and 
saving  time  to  the  reader.  .    . 

But  such  a  state  of  the  wheel  is  impossible.  The  buck- 
et at  the  very  top  of  the  wheel  may  be  completely  filled 
with  water ;  but  when  it  comes  into  the  oblique  position 
BD,  a  part  of  the  water  must  run  over  the  outer  edge  2, 
and  the  bucket  will  only  retain  the  quantity  ZBD  % ;  and 
if  the  buckets  are  formed  by  partitions  directed  to  the  axis 
of  the  wheel,  the  whole  water  must  be  run  out  by  the  time 
that  they  descend  to  the  level  of  the  axis.  To  prevent 
this  many  contrivances  have  been  adopted.  The  wheel 
has  been  surrounded 'with  a  hoop  or  sweep,  oonsjisting  of  a 
circular  board,  which  comes  almost  into  contact  with  the 
rim  of  the  wheel,  and  terminates  at  H,  where  the  water  is 
allowed  to  run  off.  But  unless  the  work  is  executed  with 
uncommon  accuracy,  the  wheel  made  exactly  round,  and 
the  sweep  exactly  fitting  it,  a  great  quantity  of  water 
escapes  between  them ;  and  there  is  a  very  sensible  ob- 
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lika  iebtioii  bfetwMmithewttflraildtliesiml:  Frart«k» 
flflboliiiI]y0la|»dienitifl»ofiiidiaillii^    SiVM|aklH«i» 
tfadnfim  bgM  gtngiHy  hrid  whirj  4lllfaw^ 
taatiaD^  wli«8  thay  a^gbt  be  ttni^Ailli  g^ 

^riiigaftiii4otheJbMuii  i^lBBb'dHJH  «hUb- thorn. !» 
ncra  die  iMdIr  aknga  giMt  |wit|obdrd^ 
of  die  wbML  It;  would  h^  mdlMB  t^  JiiBribi  Ul  diMe  ««w. 
tiifttnecf  (  nd.  ws  diill  limrflto  OBVlHilftfdMdvM  widi 
OMortira'Cf  ditiiioitiifipioved  Tbiliftd^Hit  ittder 
will  rwdily  see  diat  many  of  die  ditihuiitiiflti  WtuchwaNr 

ov  in  pmdtieiiig  die  dtefaaete  efliM  (^udi'iii  Aetealbjr 
wMi  wUdi  die  water  is  veoeived  into  die  bfliheii^  die  pieoe 
wUidiitie  to  oeeupjr  ^oia^  die  ywgweti  rf  thebaclrtfr' 
fiwn  die  top  to  die  bottom  4if  die  idwel^dbte^ 
wbiob  they  art  evaonated^or  the  diaiioetkyi1be\p«Mhai 
orbeing  dn^ged  beyead  die  botlon  of  die  whed  by  ito 
adheaon,  &c  &c.)  are  such  as  do  not  adnut  of  precise  cal- 
culation or  reasoning  about  their  merits ;  and  that  this  or 
that  form  can  seldom  be  evidently  demonstrated  to  be  the 
very  best  possible.  But,  at  the  same  time,  he  will  see  the 
general  reasons  of  preference,  and  his  atta:itiiim  will  be  di« 
rected  to  circumstances  which  must  be  attended  to,  in  or* 
der  to  have  a  good  bucketed  whed. 

Fig.  6.  btheoutlineof  a  wheel  having  40  buckets.  Th^ 
ring  of  board  contMued  between  the  ooncentric  drdes  QD9 
and  PAR,  making  the  ends  of  the  buckets,  is  called  the 
SHmooDiNO,  in  the  lai^uage  of  the  art,  and  QP  is  called 
the  dgvtik  qfihrtmdmg.  The  inner  drcle  PAR  is  called 
the  SOLS  of  the  wheel,  and  usually  ccmnsts  of  boards  nail* 
ed  to  strong  wooden  rings  of  compass  timber  of  oonuder- 
aMe  scantling,  firmly  united  with  the  arms  or  radii.  The 
partitions  which  determine  the  form  of  the  buckets  consist 
of  three  diflRerent  planes  or  boards  AB,  BC,  CD,  which  are 
variously  named  by  different  artists.  We  have  heard  them 


naoBOttd  the  Stabi^  or  SHOULDsms,  the'  Abm,  9i$A  the 
Wbsst  (probaUy  for  wrist,  on  aoooimt  of  a  rdsembhoioc 
of  the  whole  line  to  the  hunum  ann)  ;  B  k  abo  called  the 
Bxiow.  Fig.  7.  reptesents  a  tenall  portion  of  the  same 
bucketing  on  a  larger  scale,  that  the  proportions  of  the 
parts  majr  be  ncnre  distinctly  seen.  AO,  tibe  sole  of  bne 
bucket,  is  made  about  f  moie  ihan  the  depth  6H  of  the 
shrouding.  The  start  AB  is  i  of  Ah  The  plane  BC  » 
iK>  inclined  to  AB  thai  It  would  pass  through  H  t  bat  it  b 
made  to  terminate  in  C,  in  sudi  a  manner  that  FC  is  |fli8 
of  OH  or  AI.  Then  CD  is  so  placed  that  HD  is  dbout 
}thofIH. 

By  this  construction,  it  follows  that  die  area  FABC  is 
Tcry  nearly  equal  to  D  ABC ;  so  that  the  water  which  wfll 
fill  the  space  FABC  will  all  be  contmied  in  the  bucket 
when  it  shall  come  into  such  a  position  that  AD  is  a  faorb- 
iKintal  line;  and  the  fine  AB  unll  then'  make  aii  angle  of 
nearly  8A^  with  the  vertical,  or  the  bucket  will  be  30°  fiom 
the  perpendicular.  If  the  bucket  descend  so  much  lowet 
that  one  half  of  the  watar  runs  out,  the  line  AB  will  make 
an  angle  of  ^QO^^  or  24P  nearly,  with  the  vertical.  Therei. 
fore  the  whed,  filled  to  the  degree  now  mentioned,  will 
b^in  to  lose  water  at  about  |th  of  the  diameter  from  the 
bottom,  and  hai^qfffie  water  will  be  diecharged  from  the 
lowest  bucket,  about  /ith  of  the  diameter  farther  dowm- 
These  situations  of  the  discharging  bucket  are  marked  at 
T  and  V  in  Fig.  6;.  Had  a  greater  proportion  of  the  buc- 
kets been  filled  with  water  when  they  were  under  the  spout^ 
the  discharge  would  have  begun  at  a  greater  hnght  firan 
the  bottom,  and  we  should  lose  a  greater  portion  of  the 
whole  iisdl  of  water.  The  loss  by  the  present  oonstniction  is 
less  than  /sth  (supposing  the  water  to  be  deUvered  into  the 
wheel  at  the  very  top),  and  may  be  estimated  at  aboi^ 
/kdi ;  for  the  loss  is  the  versed  inne  of  the  angle  which 
the  radius  of  the  bucket  makes  with  the  vertick.  The 
▼ened  sine  of  W  is  nearly  }th  of  the  radhia  (bdmg 
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0,18086),  or  I'.th  of  the  diameter.  It  is  evident,  ihittf 
ODly  i  of  this  water  were  supplied  to  each  bucket  as  it  pasw 
the  spout,  it  would  have  been  ret^ned  for  IC  more  of » 
revolution,  and  the  loss  of  fall  would  have  been  only  about 
Alh. 

These  observations  serve  to  show,  in  general,  that  an  ad- 
vantage is  gwned  by  having  the  buckets  so  c^udous  thai 
the  quantity  of  water  which  each  can  rec^ve  as  it  pai^i 
the  spout  may  not  nearly  (ill  it.  This  may  be  Bcco^plis))' 
ed  by  making  them  of  a  suffident  lengtli,  tliat  is,  by  mak- 
ing the  wheel  sufficiently  broad  between  the  two  sJiroud- 
ings.  Economy  is  tlie  only  objection  to  this  practice,  am! 
it  is  generally  very  ill  placed.  When  tlie  work  to  be  per- 
fbniied  by  the  wheel  is  great,  the  addition  of  power  giuned 
hy  a  greater  breadth  will  soon  compensate  for  tlie  addioooil 
expense. 

The  third  plane  CD  is  not  very  frequent ;  and  nuB- 
Wrights  generally  content  themselves  with  coatinuiag  tlw 
board  all  the  way  from  the  elbow  B  to  the  outer  «dge  of 
the  wheel  at  H  ;  nnd  AB  is  generally  no  more  than  ^d  of 
the  depth  AI,  But  CD  is  a  very  evident  improvement, 
causing  the  wheel  to  retain  a  very  sensible  addition  to  the 
water.  Some  indeed  make  this  addition  more  considerably 
by  bringing  BC  more  outward,  so  as  to  meet  the  rim  of 
the  wheel  at  H,  for  instance,  and  making  HD  coinddi 
with  the  rim.  But  this  makes  the  entry  of  the  water  some- 
what more  difficult  during  the  very  short  time  that  the 
opening  of  the  bucket  passes  tlie  spout.  To  &cilitatc  ths 
as  much  as  possible,  the  water  should  get  a  direction  froo 
the  spout,  such  as  will  send  il  into  the  buckets  iu  the  moA 
perfect  manner.  This  may  be  obtained  by  delivering  the 
water  through  an  aperture  that  is  divided  by  thin  plates  "^ 
board  or  metal,  placed  in  the  proper  position,  as  we  have 
represented  in  Fig.  6.  The  form  of  bucket  last  mentioned, 
having  the  wrest  concentric  with  the  rim,  is  unfavourable 
to  tlie  ready  admission  of  the  watw ;  whereas  an  oblique 
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wrest  oonducis  tlie  water  wlndi  has  imsied  one  bucket  bto 
the  next  below. 

The  mecbhaical  ccHisideraibn  of  tins  subject  also  shows 
ut,  that  a  deep  shtouding,  in  order  to  liiake  a  capioous 
buckeC,  is  not  a  good  method :  it  does  not  make  the  buc- 
kets retmn  thcSr  water  any  longer ;  and  it  diminishes  the 
effective  &11  of  water :  for  the  water  received  at  the  top  of 
the  wheel  immediately  falls  to  the  bottom  of  the  bucket, 
and  thus  shortens  the  fictitioos  pillar  of  water,  whidi  we 
showed  to  be  the  measure  of  the  eSedtrre  or  useful  pressure 
on  the  wheel:  and  this  concurs  with  our  former  reasons  finr 
recommending  as  great  a  breadth  of  the  whed,  and  len^h 
of  buckets,  as  ecouomical  conaderations  will  pennit 

A  bncketJwhecA  has  been  executed  lately  by  Mr  Robert 
Bums,  at  the  coCtoi^niills  of  Houston,  Bunra,  and  Co.  at 
Cartside  in  Benfirewshire,  of  a  construction  entkrdy  new, 
but  founded  on  a  good  principle,  which  is  susceptible  of 
great  extension.  It  is  represented  in  Fig.  8.  The  bucket 
Consists  of  a  start  AB,  an  arm  BC,  and  a  wreat  CD,  con- 
centric with  the  rim.  But  the  bucket  is  also  divided  by  a 
partition  LM,  eontoitric  with  tfie  sole  and  rim,  and  so 
placed  as  to  make  the  inner  and  outer  portions  of  neuly 
equal  capaci^  It  is  ei^dent,  without  any  farthar  reason- 
ing about  it,  that  this  partition  will  enable  the  bucket  to 
retain  its  water  much  longer.  When  they  are  filled  jA 
they  retain  the  whole  water  at  18^  firom  the  bottom ;  and 
they  retain  ^  at  ll^  They  do  not  admit  the  water^uite 
so  freely  as  buckets  of  the  common  construction ;  but  by 
means  of  the  contrivance  mentioned  a  little  i^  for  the 
spout  (also  the  invention  cf  Mr  Bums,  and  furm Aed  tliik 
a  rack* work,  which  raised  or  depressed  it  as  the  fupply  <ff 
water  varied,  so  as  at  all  times  to  employ  the  whdie  fW  of 
the  water),  it  is  found  that  a  slow-moving  wheel  allows 
one-half  of  the  water  to  get  into  the  inner  buckets,  espe- 
cially if  the  partition  do  not  altogether  readi  the  radius 
drawn  through  the  lip  D  of  the  outer  bucket. 

VOL.   II.  S  Q 
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Thtt  i»  a  t«ry  great  impfovement  of  the  lMMltft>whMl : 

and  when  the  wheel  U  made  of  a  liberal  breadth,  to  that 
(he  water  may  be  very  shallow  in  the  buckets,  it  seems  to 
carry  the  performance  as  {or  as  it  can  go.  Mr  Btiros  made 
the  first  trial  on  a  wheel  o(  S4  feet  diameter  ;  end  M  per- 
formance is  tnantfestly  superior  to  that  of  the  wheel  whtdi 
it  replaced,  and  which  was  a  vei;  good  one.  It  hu  aba 
another  valuable  property  :  when  the  supply  of  water  n 
very  scanty,  a  proper  adjustment  of  the  apparatus  in  the 
spout  will  direct  almost  the  wlw^  of  the  wa,Ka  into  the 
outer  buckets ;  whidi,  by  placing  it  at  a  greater  distance 
from  the  axis,  makes  a  very  sensible  addition  to  its  mecba- 
nical  enei^. 

We  said  that  this  principle  is  susceptible  of  cooHderablc 
extension ;  and  it  is  evident  that  two  partitions  will  increaw 
the  effect,  and  that  it  will  increase  with  the  number  of  par- 
titions ;  so  that  when  the  practice  now  begun,  of  making 
water-wheets  of  iron,  shall  beoome  general,  and  therefore 
fery  thin  partitions  are  used,  their  numb^  may  be  gnady 
increased  without  any  inconvenience :  sikI  it  is  obvious,  that 
,tUa.twieaaf  partitioBS  must  greatly  oontnbute  to  the  atii- 
WM  and  gCMtal  finuiMB  oi  the  whole  wbe^ 
...TIwn.ftaqueotlyoeQun  a  ^Ecul^  in  the  nrfng  of 
buoket-vhecls,  when  the  half-Uught  viill-m^fac  attes^ 
to'Mtan  the  waters  V*lg  dmein  thebnokete,  Il1ie«ater 
girti  into  than  with  «  difficult  which  be  oaBaat  acoaot 
fm,  and  apilh  *U  r  about,  even  when  the  buekcU  aie  not 
navng  away  from  the  qxHit.  This  ariaea  Aom  4be  air, 
wUoh  nuit  find  iu  way  out  to  admit  the  wstor,  but  it 
■fcaUucliid  by  the  entcxiog'  wBter,  and  oooumot  a  grat 
■putteriog  at  the  entry.  Thta  may  be  entii^y  prevcettd 
by  making  the  spout  oonnderaUy  narrower  than  the  vbeeL 
ThoB  will  leave  nxm  at  the  two  ends  of  the  buckets  (as  Ae 
eieqie  of  the  air.  This  obstmotioa  is  vastly  greater  duo 
OM  would  imagine ;  for  the  water  drags  dong  with  it  a 


grett  quantity  of  air,  as  is  e?ideiit  in  the  IfTH^-Moaf  de- 
scribed by  many  authon. 

There  is  anodier  and  very  serious  obstruction  to  the  no- 
tion of  an  oversbol  or  bucketed  whed*  When  it  mores  in 
bacL«watar,  it  is  not  only  resisted  by  the  water  when  It 
moves  mote  slowly  than  die  wheel,  whieh  is  veiy  firequeady 
the  cas^  but  it  liflts  a  great  deal  in  the  rising  buckets.  In 
some  particular  states  of  back-water,  the  descending  bae- 
ket  fills  itself  completely  with  water ;  and,  in  other  oases, 
it  contains  a  very  conskieraUe  qnanti^,  and  air  of  coin- 
mon  density;  while  in  some  rarer  cases  it  contains  less  w»- 
ter,  with  air  in  a  condensed  state.  In  the  first  case,  the 
rising  bucket  must  come  up  filled  with  water,  ^rfiich  it  can- 
not drop  till  its  mouth  get  out  of  the  water.  In  the  se- 
cond case,  part  of  the  wato*  goes  out  before  this ;  buttte 
mr  rarefies,  and  therefore  there  is  still  some  water  diaggad 
or  lifted  up  by  the  wheel,  by  suodon,  as  it  is  usually  called. 
In  the  last  cas^  th^re  is  no  such  back  load  on  the  riring 
ode  of  the  wheel»  but  (Which  is  as  detrimental  to  its  per- 
formance) the  desoendmg  side  is  empbyed  in  condensing 
air;  and  althoi^^  tins  air  aida  the  ascent  of.the  rising  side, 
it  does  not  aid  it.sp  much  as  it  impedes  thedesoendingsidfl^ 
being  (by  the  fmn  of  the  bucket)  nearer  to  the  vertioalline 
drawn  through  thoLaxis. 

AU  this  may  be  completely  prevented  by  a  fisw  facte 
made  in  the  start  of  eadi  bucket  Air  bnng  at  least  800 
times  rarer  than,  water,  will  escape  throogh  a  hole  almost 
SO  Umes  fiuter  with  the  same  pressure.  Very  modenle 
holes  will  therefore  suffk»  for  this  purpose :  and  the  small 
quantity  of  water  which  these  holes  discharge  daring  1Mb 
descent^  the  bucket^  pcoduoes  a  loss  which  is  altogether 
insignificant  The  water  which  runs  out  of  one  runs  into 
another,  so  that  there  is  only  the  loss  of  one.  bucket  We 
have  seen  a  wheel  of  only  14  foot  diameter  woridng  in  nev- 
ly  three  feet  of  back-water.    It  laboured  psodigionaiy. 
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great  nicety ;  and  authors,  both  speculative  aild  practica], 
have  entertained  difierent,  nay  opposite,  ofumons  on  the 
subject  Mr  Belidor,  whom  the  engineers  of  Europe  have 
long  been  accustomed  to  regard  as  sacred  authori^,  main- 
tains, that  there  is  a  certain  velodty  related  to  that  ob- 
tainable by  the  whole  fall,  which  will  procure  to  an  over- 
shot wheel  the  greatest  perfbrmanoe.  Desaguiliers,  Smea^ 
ton,  Lambert,  Des  Parcieux,  and  others,  maintain,  that 
there  is  no  such  relation,  and  that  the  perffannanoe  of  an 
overshot  wheel  will  be  the  greater,  as  it  moves  more  slowly 
by  an  increase  of  its  load  of  work.  Befidor  maintains, 
that  the  acdve  power  of  water  Ij^ng  in  a  bocket-wfaeel  of 
any  diameter  is  equal  to  that  of  the  impulse  of  the  same 
water  on  the  floats  of  an  undershot  wheel,  when  the  water 
issues  from  a  sluice  in  the  bottom  of  the  dam.  The  other 
writers  whom  we  have  named  assert,  that  the  energy  of  an 
undershot  wheel  is  but  one-half  of  that  of  an  overshot,  ac- 
tuated by  the  same  quantity  of  water  falting  fiom  the  same 
height 

To  a  manufacturing  country  like  ours,  wludi  derives 
astonishing  superiority,  by  which  it  more  than  compensates 
for  the  impediments  of  heavy  taxes  and  luxurious  living 
diiefly  from  its  machinery,  in  which  it  leaves  all  Europe  far 
behind,  the  decision  of  this  question,  in  such  a  manner  as 
shall  leave  no  doubt  or  misconcepUon  in  the  mind  even  of 
an  unlettered  artist,  must  be  considered  as  a  material  ser- 
vice ;  and  we  think  that  this  is  easily  attainable. 

When  any  machine  moves  unirormly,  the  accelerating 
force  or  pressure  actuaUy  exerted  on  the  impelled  point  of 
the  machine  is  in  equilibrio  with  all  the  resistances  which 
are  exerted  at  the  working  point  with  those  arising  from 
friction,  and  those  that  arc  excited  in  different  parts  of  the 
machine  by  their  mutual  actions.  This  is  an  incontestable 
truth  ;  and,  though  little  attended  to  by  the  mechanicians, 
is  the  foundation  of  all  practical  knowledge  of  machines. 
Therefore,  when  an  overshot  wheel  moves  uniformly,  with 
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ofUf  vdocify  tefuUeveTf  the  water  is  acting  with  its  whole 
weight :  for  gravity  would  aooelerate  its  descent,  if  not 
completely  balanced  by  some  reaction ;  and  in  this  balance 
gravity  and  the  reactiog  part  of  the  machine  exert  equal 
and  opponte  pressures,  and  thus  produce  the  unifcmn  mo- 
tion of  the  machine.  We  are  thus  particular  on  tins  pduit, 
because  we  observe  mechanicians  of  the  first  name  employ- 
ing a  mode  of  reasoning  on  the  question  now  before  ua 
which  is  spedous,  and  appears  to  prove  the  condnnon 
which  they  draw ;  but  is  nevertheless  contrary  to  true  me- 
chanical principles.  They  assert,  that  the  slower  a  heavy 
body  is  descending  (sujqpose  in  a  scale  suspended  from  an 
axis  in  peritrochea),  the  more  does  it  press  on  the  scale, 
and  the  more  does  it  uige  the  machine  round :  and  there- 
fore the  slower  an  overshot  wheel  turns,  the  greater  is  the 
Ssxce  with  which  the  water  urges  it  round,  and  the  more 
work  will  be  done.  It  is  very  true  that  the  machine  is 
more  forably  impelled,  and  that  more  work  is  done :  but 
this  is  not  because  a  pound  of  water  presses  more  strongly, 
but  because  there  is  more  water  pressing  on  the  wheel ;  for 
the  qpout  supplies  at  the  same  rate,  and  each  bucket  re^ 
ceives  more  water  as  it  passes  by  it. 

Let  us  therefore  examine  this  question  by  the  induUt- 
ablc  prindples  of  mechanics. 

Let  the  overshot  wheel  A/H  (Fig.  5.)  receive  the  wa^ 
ter  from  a  spout  at  the  very  top  of  the  wheel ;  and,  in  or- 
der that  the  wheel  may  not  be  retarded  by  dragging  into 
motion  the  water  amply  laid  into  the  uppermost  bucket  at 
A,  let  it  be  received  at  B,  with  the  velodty  (directed  in  a 
tangent  to  the  wheel)  acquired  by  the  head  of  water  AP. 
This  velodty,  therefore,  must  be  equal  to  that  of  the  rim 
of  the  wheel.  Let  this  be  v,  or  let  the  wheel  and  the 
water  move  over  v  inches  in  a  second.  Let  the  buckets 
be  of  such  dimenaons,  that  all  the  water  which  each  receives 
as  it  passes  the  spout  is  retedned  till  it  comes  to  the  posi- 
tion R,  where  it  is  discharged  at  once.    It  is  phun  that. 
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in  place  of  the  separate  quantities  ot  water  Ijfim  io  e^ck 
bucket,  we  may  substitute  a  oondnued  ring  of  wafteri  equal 
to  their  sum,  and  unifinrmly  cUstributed  in  the  qpace 
BEB  ejfA.  This  constitutes  a  ring  of  unifiuni^  thidrnpa. 
Let  the  area  of  its  cross  sectirai  ^  B  or  Py  be  called  Oi 
We  have  already  demonstrated,  thi^  the  Hierfianical  cnetgy 
with  which  this  water  on  the  circumferenoe  of  the  wheel 
urges  it  round,  is  the  same  irith  what  would  be  eBerted  b|f 
the  pillar  brrb  pressing  on  F^  or  acting  faj  the  Jefcr 
CF.  The  weight  of  tlus  pillar  may  be  cxprosBod  by 
ay^br^  or  a  x  FS ;  and  if  we  call  tlife  nidiua  CF  of  the 
wheel  R,  the  momentum  or  mechanical  energy  of  this 
weight  will  be  represented  by  a  x  PS  x  B. 

Nowy  let  us  suppose  that  this  wheel  is  employed  to  raiae 
a  weight  W,  which  is  suspaided  by  a  n^  wound  round 
the  axis  of  the  wheel.  Let  r  be  the  radius  of  this  axle. 
Then  W  x  r  is  the  momentum  of  the  worL  Let  the 
weight  rise  with  the  velocity  u  when  the  rim  of  the  wheel 
turns  irith  the  velocity  v,  that  iS|  let  it  rise  u  inches  in  a 
second. 

Since  a  perfect  equilibrium  obtdns  between  the  power 
and  the  work  when  the  motion  is  uniform,  we  must  have 
W  xr  =  ax  PSxR.  But  it  is  evident  that  R :  r  =  i? :  u. 
Therefore  W  x  u  =  a  x  v  x  PS. 

Now  the  perfonnancc  of  the  machine  is  undoubtedly 
measured  by  the  weight  and  the  height  to  which  it  is 
raised  in  a  second,  or  by  W  x  u.  Therefore  the  machine  is 
in  its  best  possible  state  when  a  x  v  x  PS  is  a  maximum. 
But  it  is  {Jain  that  a  x  vis  an  invariable  quonUty ;  for  it 
is  the  cubic  indies  of  water  which  tlie  spout  supplies  in  a 
second.  If  the  wheel  moves  fast,  little  water  lies  in  each 
bucket,  and  a  is  small.  When  v  is  small,  a  is  great,  for 
the  opposite  reason  ;  but  a  x  "^  remains  the  same.  There- 
fore  we  must  make  PS  a  maximum,  that  is,  we  must  de- 
liver the  water  as  high  up  as  possible.  But  this  diuiinisiics 
AP,  and  this  dimini^iies  the  velocity  of  the  wheel  •'  and  a:> 
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tliis  has  no  lii&it,  the  propdation  ib  demonitrated ;  and  aa 
OTenhot  whed  does  the  more  work  as  it  moves  slowest*    . 

Convinctng  as  this  discusaoo  nmst  be  to  any  raeebanU 
oan,  we  are  aicdous  to  uiipreas  the  same  maxim  oq  the 
minds  of  praeticai  men^  unaccustomed  to  mathamatical 
reasoning  of  any  kiiid^  We  theseftse  beg  indulgsnnp  for 
adding  a  popular  view  of  the  quesdoo,  which  requires  no 
such  investigation. 

We  may  reason  in  this  way :  Suppose  a  iriieelharaig  SO 
budcets,  and  that  six  cutnc  feet  of  water  are  delivered  in  a 
second  on  the  top  of  the  wheel,  and  disdiaiged  without 
any  loss  by  the  way  at  a  certain  height  from  the  bottom 
of  the  wheel.  Let  tins  be  the  case^  whatever  is  the  rate 
of  the  wheel's  motion ;  the  buckets  bong  of  a  sufficient  ca- 
pacity to  hold  all  the  water  whidi  fidls  into  them.  Let 
this  whed  be  employed  to  raise  a  waght  of  any  kind,  sup- 
pose water  in  a  thun  of  80  budgets,  to  the  same  heif^t^ 
and  with  the  same  vdod^.  Suppose,  farther,  that  when 
the  load  on  the  ridng  nde  of  the  machine  is  one>hdf  of  that 
on  the  wheel,  the  whed  makes  four  times  in  a  minute,  or 
one  turn  in  15  seconds.  During  this  •time  90  cubic  feet* 
of  water  have  flowed  into  the  80  buckets,  and  each  has  re- 
ceived three  cubic  feet  Then  each  of  the  rising  buckets 
con  tains  H  feet ;  and  46  cubic  feet  are  delivered  into  the 
upper  dstem  durii^  one  turn  c^  the  whed,  and  180  cubic 
feet  in  one  minute. 

Now,  suppose  the  machine  so  loaded,  by  making  the 
rising  buckets  more  o^muuous,  that  it  makes  only  two  tuma 
in  a  minute,  w  one  turn  in  80  seconds.  Then  each  do-. 
soending  bucket  must  contain  ii^  cubic  feet  of  water.  If 
each  bucket  of  the  rising  side  contiuned  three  cubic  feet^ 
the  motion  of  the  machine  wpuld  be  the  same  as  before. 
This  is  a  point  which  no  mechanidan  will  controvert. 
When  two  pounds  are  suspended  to  one  end  of  a  string 
which  passes  over  a  pulley,  and  one  pound  to  the  other  end, 
the  descent  of  the  two  pound  will  be  the  same  with  that 
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of  a  four  pounds  weight,  irhich  is  employed  in  the  i 
maDDer  to  draw  up  two  pounds.  Our  nucfaine  would 
tfanvfure  continue  to  make  four  turns  in  the  nnnute,  aod 
would  deliver  90  cubic  feet  during  each  turn,  and  360  n 
M  nunute.  But,  by  suppoution,  it  is  making  but  two  tum 
in  a  minute :  tliift  must  proceed  from  a  greater  load  tbH 
three  cuUc  feet  of  water  in  eacli  lising  bucket.  The  ii»- 
chine  must  therefore  be  rai^og  more  than  90  feet  of  waUr 
during  one  tum  of  the  wheel,  and  tRore  thsa  180  in  the  ' 
minute. 

Thtis  it  (qipears,  tliat  if  llie  mnciiine  is  tunung  twice  w 
Blow  as  before,  there  is  more  than  twice  thejbmtenjmydity 
in  the  Hung  buckets,  and  more  will  be  raised  tn  a  rainule 
by  the  same  expenditure  of  power.  In  like  manner,  if  the 
machine  go  three  times  as  slow,  there  must  be  more  thorn 
three  times  the  former  quantity  of  water  in  the  risii^ 
buckets,  and  more  work  will  be  done. 

But  we  may  go  farther,  and  assert,  that  the  more  we  | 
retard  the  machine,  by  loading  it  with  man  work  of  a  ' 
wmilar  kind,  the  greater  will  be  its  performance.  This 
doM  not  inunediately  appear  &(Mn  the  preank  >«— n^«i  ■ 
but  let  lis  call  the  first  quantity  of  wata  in  tke  amg 
bucket  A;  the  water' rused  by  four  tunia  iaa  nunute  will 
be  4  X  30  X  A,  =  120  A.  The  quantity  in  thv  hucbl. 
when  the  nmchine  goes  twice  as  alow,  has  been  shown  to  be 
greater  than  2  A  (call  it  8  A  +  jt)  ;  the  mtet  nised  by 
two  turns  in  a  minute  will  be  S^SO^  2A+«r=  120  A 
+  60  X.  Now,  let  the  madiine  go  four  tames  as  dow, 
making  but  one  turn  in  a  minute,  the  rising  bucket  must 
now  cmtain  mtre  than  twice  H  A+  k^  or  miHc  than  4  A 
+  a-r;  callit4A  +  S«  +  y.  The  work  done  by  oee 
tum  in  a  minute  will  now  be  SO  x  4A  +  S!*  +  y  =  120  A 
+  eXix  +  90t/. 

By  such  an  induction  of  the  work,  done  with  any  rales 
of  motion  we  choose,  it  is  evident  that  the  pierfonnance  of 
the  mschineinereMes  with  every  dlnunultoa  of  its  vdoei? 


that  18  produced  by  the'iiiere  addidon  cS  a  amihr  load  tS 
work,  or  that  it  does  th^  more  win-k  the  dower  it  goes. 

We  have  supposed  die  machine  to  be  in  its  state  of  per- 
manent uniform  motion.  If  we  conader  it  only  in  the  be- 
ginning of  its  motion,  the  resolt  is  sdll  more  in  favour  of 
slow  motion :  for,  at  the  first  action  of  the  moving  power, 
die  inertia  of  the  madiine  itself  consumes  part  of  it,  and 
it  acquires  its  permanent  speed  by  degrees ;  during  which, 
the  resistances  arinng  fiom  the  work,  friction,  be.  increase, 
till  they  exactly  balance  the  pressure  of  the  water ;  and  af> 
ter  this  the  machine  accelerates  no  more.  Now  the  greater 
the  power  and  the  renstance  arinng  fWnn  the  work  ai^,  in 
proporti^  to  the  inertia  of  the  machine^  the  sooner  will  all 
arrive  at  its  state  of  permanent  velodty. 

There  is  another  drcumstanoe  winch  impairs  the  per- 
formance of  an  overshot  wheel  moving  irith  a  great  velo- 
dty, viz.  the  effects  of  the  centrifugal  force  on  the  water  in 
the  buckets.  Our  mill-wrights  know  well  enough,  that  too 
great  velocity  will  throw  the  water  out  of  the  buckets;  but 
few,  if  any,  know  exactly  the  diminution  of  power  pro- 
duced by  this  cause.  The  following  very  nmple  construc- 
tion will  detemnne  this :  Let  AOB  (Fig.  10.)  be  an  over- 
shot wheel,  of  whidi  AB  is  the  upright  diameter,  and  C  is 
the  centre.  Make  CF  the  length  of  a  pendulum,  which 
will  make  two  vibrations  during  one  turn  of  the  wheel 
Draw  FE  to  the  elbow  of  any  of  the  buckets.  The  water 
in  this  bucket,  instead  of  havmg  its  surface  horirontal,  as 
NO,  will  have  it  in  the  direction  n  O  perpdidicular  to  FE 
very  nearly. 

For  the  time  of  falling  along  half  of  FC  is  to  that  of 
two  vibrations  of  this  pendulum,  or  to  the  time  of  a  revolu- 
tion of  the  wheel  as  the  radius  of  a  circle  is  to  its  drcum- 
ference :  and  it  is  well  known,  that  the  time  oS  moving 
along  half  of  AC,  by  the  uniform  action  of  the  centrifugal 
force,  is  to  that  of  a  revolution  as  the  radius  of  a  drcle  to 
its  circumference.    Therefore  the  time  of  describing  i  of 
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AC  by  the  centrifugal  force,  is  cqiml  to  the  tfane  oTdrscribi 
ing  i  of  FC  by  gravity.  These  spAces>  being  wnUnriy  de- 
scribed in  equal  times,  ore  proportional  to  the  aooelentiap 
forces.  Therefore  i  FC  :  j  AC,  or  FC  :  AC  =  gravity? 
ceotiifugal  force.  Complete  the  parallelogram  FCEK.  A 
particle  at  £  is  urged  by  its  wogbt  in  the  direction  KE, 
yritii  a  force  which  may  be  expressed  by  FC  or  K£  ;  and 
it  ia  urged  by  the  centrifugal  force  in  the  direction  CE, 
with  a  fcH-ce  =  AC  or  C£.  By  their  combiocd  action  it 
is  urged  in  the  directioQ  F£.  Thcrcfbref  as  the  surface  oi 
atanding  water  is  always  at  right  angles  to  the  action  of 
gr«vity,  that  is,  to  the  plumb-line,  so  the  surface  of  the  wa> 
tcr  in  the  revolving  bucket  is  perpendicular  to  the  action  of 
the  comlnned  force  FE. 

Let  NEO  be  the  position  of  the  bucket,  which  just  holds 
all  tho  water  whicli  it  received  as  it  passed  the  spout  when 
not  affected  by  the  centrifugal  force ;  and  let  NDO  be  'as 
position  when  it  would  be  empty.  Let  the  vcrtieaJ  fines 
through  1)  and  £  cut  the  circle  described  niond  C  with 
the  radius  CF  in  the  poinU  H  and  I.  Draw  HC,  IC,  cut- 
ting the  aide  AOB  in  L  and  M.  Bfakc  Mk  ardi  (F>  tqnd 
to  AI^  and  the  anh  ^<  equal  to  AM:  TbmCiaarf 
C  •  will  be  the  pontianB  <tf  the  bucket  on  fha  tatinag 
wheel,  corregponding  to  CDO  and  C£0  on  the  wfaed  at 
reit  Water  will  begin  to  run  out  at  <,  and  H  vU  be  aS 
gone  at  >.— The  demaoatration  is  evident 

The  fiirce  which  dow  urgei  the  vriieel  U  adll  the  wogbt 
real^  in  the  budceta :  for  though  the  water  i>  lu^gad  m  the 
direction  and  vrith  the  force  f  £,  one  of  its  caaatitiMnts, 
CE,  has  no  tendency  to  impel  the  whed  {  and  KB  U  the 
only  impelling  force. 

It  Is  but  of  late  years  that  mills  have  been  coBstructtd 
or  attended  to  with  that  accuracy  and  soentific  akill  wfaicb 
are  necessary  for  dedudng  confidential  coDduaoosfiwa  any 
experiments  that  can  be  made  with  them ;  and  it  is  there- 
fore no  tnaUei  of  wwder  that  the  opaniom  of  mil^wrig^ 
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have  been  so  different  on  this  subject  There  is  «  hstural 
wish  to  see  a  macbine  momg  briskly;  it  has  the  appear 
ance  of  activity :  but  a  very  sbw  motion  always  looks  as  if 
the  machine  were  overloaded.  For  this  reason  miU-wrights 
have  always  yidded  sbwly,  and  with  some  iductanoe,  to 
the  repeated  advices  of  the  mathematidana :  but  they  have 
yielded ;  and  we  see  them  adopting  maxims  of  oonstructioii 
more  agreeable  to  sound  theory ;  making  their  wheels  of 
great  breadth,  andloa£ng  them  with  a  great  deal  of  work 
Mr  Euler  says^  that  the  performance  of  the  best  mill  can* 
not  exceed  that  of  the  worst  above  }tli :  bnt  we  have  seen 
a  stream  of  water  oompletdy  expended  in  driving  a  small 
flax-mill,  whidi  now  drives  a  cotton-mill  of  4000  spindles, 
with  all  its  car£ng,  roving,  and  drawing  machineiy,  be* 
sdea  the  lathes  and  other  engines  of  the  smiths  and  carpen. 
ten  workdiops,  exerting  a  fbroe  (not  less  liian  ten  times 
what  sufficed  for  the  fluL-milL 

The  above  diseusdbn  only  demonstrates  in  general  the 
advantages  of  slow  motion;  but  does  not  pinnt  out  in  any  de- 
gree the  relation  between  the  rate  of  motion  and  the  work 
performed^  nor  even  the  {vindples  on  which  it  depends. 
Yet  this  is  a  subject  fit  for  a  mathematical  investigadion  ; 
and  we  would  prosecute  it  in  this  place,  if  it  werenecessiry 
for  the  improvement  of  practical  medianics.  But  we  have 
seen  that  there  is  not,  in  the  nature  of  things,  a  maximum 
of  performance  attadied  to  any  particular  rate  of  motion 
which  diould  tberefine  be  preferred.  For  this  reason  we 
omit  this  discusrion  of  mere  speculative  cnrionty.  It  ia 
very  intricate :  for  we  must  not  now  express  the  pressure 
on  the  wheel  by  a  cofwtonf  pilar  of  water  incumbent  on  the 
extremity  of  the  horizontal  arm,  as  we  did  before  when  we 
supposed  the  buckets  completely  filled ;  nor  by  a  smaller 
consiani  pilar,  corresponding  to  a  smaller  but  equal  quanti- 
ty lying  in  every  bucket.  Each  different  vekxity  puts  a  dif- 
ferent quantity  of  water  into  the  bucket  as  it  passes  the 
spout ;  and  this  occasions  a  difference  in  the  place  where 
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the  dudmige  is  hegim  and  cbn^pleted.  Thii  GirciimBtaiiee 
is  some  obstacle  to  the  advantages  of  very  slow  motions,  be- 
cause it  brings  on  the  discharge  sooner*  All  tins  may  in- 
deed be  expressed  by  a  smple  equation  of  easy  manage- 
ment ;  but  the  whole  process  of  the  mechanical  discussion 
is  both  intricate  and  tedious^  and  the  results  are  so  much 
diversified  by  the  forms  of  the  buckets^  that  they  do  net 
afford  any  rule  of  su£Bcient  generality  to  reward  our  trouble. 
The  curious  reader  may  see  a  very  full  investigation  of  this 
subject  in  two  dissertations  by  Elvius  in  the  Swedish  Trans- 
actions, and  in  the  Hydrodynamiqut  of  RofiBssor  S[arst- 
ner  of  Gottingen ;  who  has  abridged  these  IKssertations  of 
Elvius,  and  considerably  improved  the  whole  investigation, 
and  has  added  some  comparisons  of  his  deductions  with  the 
actual  performance  of  some  great  works.  These  compari- 
sons, however,  are  not  very  satis&u:tory.  There  is  also  a 
valuable  paper  on  this  subject  by  Mr  Lambert,  in  the  Me- 
moirs of  the  Academy  of  Berlin  for  the  year  1775.  From 
these  dissertations,  and  from  the  Hydrodynamique  of  the 
Abbe  Bossut,  the  reader  will  get  all  that  theory  can  teach 
of  the  relaticm  between  the  pressures  of  the  power  and 
work  on  the  machine  and  the  rates  of  its  motion.  The 
practical  reader  may  rest  with  confidence  on  the  simple  de- 
monstration we  have  given,  that  the  performance  is  impniv* 
ed  by  diminishing  the  velocity. 

All  we  have  to  do,  therefore,  is  to  load  the  machine,  and 
thus  to  diminish  its  speed,  unless  other  physical  drcum- 
stances  throw  obstacles  in  the  way :  but  there  are  such  ob- 
stacles.  In  all  machines  there  are  little  inequalities  of  ac- 
tion that  are  unavoidable.  In  the  action  of  a  wheel  and 
pinion,  thou^  made  with  the  utmost  judgment  and  care, 
there  are  such  inequalities.  These  increase  by  the  changes 
of  form  occasioned  by  the  wearing  of  the  machine-— much 
greater  irregularities  arise  from  the  subsultory  motions  of 
cranks,  stampers,  and  other  parts  which  move  unequally  or 
reciprocally.     A   macliine  may  be  st)  loaded  as  just  to  be 
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in  equilibrio  with  its  work^  in  the  faTOunUe  poiitioao£itB 
parts.  When  this  dianget  into  ooe  leas  fitvoiMfable,  the  wu^ 
chine  may  sU^ ;  if  not^  it  at  least  staggers^  hobbles^  or 
works  unequally.  The  rubbing  parts  bear  long  on  each 
other,  inth  enormous  pressures^  and  cut  deep^  and  increase 
fricticHi.  Such  alow  motions  must  therefisre  be  aycaded. 
A  little  more  velocity  ambles  the  machine  to  get  over  those 
increased  resistances  by  its  inertia,  or  the  great  quantity  of 
motion  inherent  in  it  Great  machines  poisseBs  this  advan- 
tage in  a  superior  degree,  and  will  therefore  work  steadily 
with  a  smaller  velocity.  These  circumstanoes  are  hardly  sus- 
ceptible of  mathematical  discussion,  and  our  best  reliance 
is  on  well-directed  experience. 

For  this  purpose,  the  reader  will  do  well  to  peruse  with 
care  the  ezceUent  piqper  by  Mr  Smeaton  in  the  Phifesophi- 
cal  Transactkms  for  1709-  This  dissertation  contains  a 
numerous  list  of  experiments,  most  judiciously  contrived  by 
him,  and  executed  with  the  accuracy  and  attention,  to  the 
most  important  draimstanoes,  which  is  to  be  observed  in  all 
that  gentleman^s  performances. 

It  is  true,  these  experiments  were  made  with  small  mo* 
dels ;  and  we  must  not,  withoutgreat  caution,  transfer  the 
results  of  such  experimonts  to .  large  works.  But  we  may 
sa&iy  transfer  the^m  of  variation  which  result  bom  a  va^ 
nation  of  drcumstances,  although  we  must  not  adopt  the» 
absolute  quantities  of  the  vaiiationa  themselves.  Mr  Smea- 
tQia  was  fully  aware  of  the  limitations  tp  which  conclusionav 
drawn. from  experimentBon  models  are  subject,  and  has, 
made.the  ajipliGatioat  with  his  usual  sagacity* 

His  general  inference  is^  that,  in  smaller  wodks,  the  rim/ 
of  the  oevershot  wheel  should  not  have  a  greater  velocity 
than  three  feet  in  a. second;  but  that  larger  mills  maybe 
allowed  a  greater  vdocity  than  this.  When  every  thing  is 
executed  in  the  best  manner,  .he  says  that  the  work  per- 
formed will  amount  to  fully  two-thirds  of  the  power  ex* 
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pended ;  that  is,  that  three  cubic  feet  of  water 
"firom  any  height,  will  laiae  two  to  the  flame  hdg^t. 

It  18  not  very  easy  to  oompaie  these  deductioiis  with  ob- 
servations on  large  works;  because  there  are  few  cases 
where  we  have  good  measures  of  the  resistances  opposed  by 
the  w^k  performed  by  the  machine.  Mills  employed  for 
pumping  water  afibrd  the  best  opportunities.  But  the  in- 
ertia .of  their  working  gear  diminishes  their  useful  per- 
formance very  senubly ;  because  their  great  beams,  pump- 
sods,  &c  have  a  redprocating  miotioii,  wfaidi  must  be  de- 
stroyed, and  produced  anew  in  every  stroke.  We  have  ex- 
amined some  machines  of  this  kind  windi  are  esteemed 
good  ones ;  and  we  find  few  of  them  whose  performance 
exceeds  one-half  of  the  power  expended. 

By  comparing  other  mills  with  these,  we  get  the  best  in- 
formation of  their  renstances.  The  comparison  with  mills 
worked  by  Watt  and  Boulton^s  steam-engines  »  perhaps  a 
better  measure  of  the  resistances  opposed  by  different  kinds 
of  work,  because  their  power  is  very  distinctly  known.  We 
have  been  informed  by  one  of  the  most  eminent  engineers, 
that  a  ton  and  half  of  water  per  minute  falling  one  foot  will 
grind  and  dress  one  bushel  of  wheat  per  hour.  This  is 
equivalent  to  9  tons  falling  10  feet 

If  an  overshot  wheel  opposed  no  reastance,  and  only  one 
bucket  were  filled,  the  wheel  would  acquire  the  velocity 
due  to  a  fall  through  the  whole  hdght  But  when  it  is  in 
this  state  of  accelerated  motion,  if  another  bucket  of  water 
is  delivered  into  it,  its  motion  must  bediecked  at  the  first, 
by  the  necessity  of  dragging  forward  this  water.  If  the 
buckets  fill  in  succession  as  they  pass  the  spout,  the  vdodty 
acquired  by  an  unresisting  wheel  is  but  half  of  that  which 
one  bucket  would  give.  In  aU  cases,  therefore,  the  velocity 
is  diminished  by  the  inertia  of  the  entering  water  when  it 
is  simply  laid  into  the  upper  buckets.  The  performance 
will  therefore  be  improved  by  delivering  the  water  on  the 
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vheel  with  that  velocity  with  which  the  wheel  is  really  mov- 
ing. And  as  we  cannot  give  the  direction  of  a  tangent  to  the 
wheel,  the  velodty  with  which  it  is  delivered  on  the  wheel 
must  be  so  much  greater  than  the  intended  velocity  of  the 
rim,  that  it  shall  be  predtely  equal  to  it  when  it  is  estimat- 
ed in  the  direction  of  the  tangent  Three  or  four  indies 
of  &I1  are  sufficient  for  this  purpose  \  and  it  should  never 
be  neglected,  ibr  it  has  a  very  sensible  inffuence  on  the  per- 
formance. But  it  is  highly  improper  to  give  it  more  than 
this,  with  the  view  of  impelling  the  wheel  by  its  stroke. 
For  even  although  k  were  proper  to  employ  part  of  the  fall 
in  this  way  (which  we  shall  presently  see  to  be  very  impro- 
per), we  cannot  procure  this  impulse ;  because  the  water 
falls  among  other  water,  or  it  strikes  the  boards  of  the 
wheel  with  such  obliquity  that  it  cannot  produce  any  sen- 
sible effect 

It  is  a  much-debated  question  among  mill- wrights,  Whe- 
ther the  diameter  of  the  wheel  should  be  such  as  that  the 
water  will  be  delivered!  at  the  top  of  the  wheel ;  or  larger, 
so  that  the  water  is  received  at  some  distance  from  the  top, 
where  it  will  act  more  perpendicularly  to  the  arm  ?  We  ap- 
prehend that  the  observations  formerly  made  will  dedde  in 
favour  of  the  first  practice.  The  space  below,  where  the 
water  is  discharged  from  the  wheel,  being  proportional  to 
the  diameter  of  the  wheel,  there  is  an  undoubted  loss  of  fall 
attending  a  large  wheel ;  and  this  is  not  contpensated  by 
delivering  the  water  at  a  greater  distance  from  the  perpen- 
dicular. We  should  therefore  recommend  the  use  of  the 
whote  descending  aide,  and  make  the  cbameter  of  the  wheel 
no  greater  than  the  fall,  till  it  is  so  much  reduced  that  the 
centiifugal  force  begins  to  produce  a  sensible  effect  iSnce 
the  rim  can  hardly  have  a  smaller  velocity  than  three  feet 
per  second,  it  is  evident  that  a  small  wheel  must  revolve 
more  rapidly.  This  made  it  proper  to  insert  the  determi- 
nation that  we  have  given,  of  the  loss  of  power  produced  by 
the  centrifugal  force;  But  even  with  this  in  view,  we  should 
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.oqploy  miidi* jmaller  viieds  dm.  mot  gBmmfUg^dmt  ob 
Hn^fidlfl.  Iiideed  the  lofli  of  water  at  the bqdom  nuij 
)^'  fjifrnnnfr^j  bjr  wdtf JMng  the  aidi  wUdiflBnouiKb 
^wfaed^  80  «B  not  to  albv  die««tar ^amittly  tbe 
odes  or  bottom.  WhikthiftnnprofemiePtrciMh»iiagB^ 
.order,  and  the  whed  entire^  it  prodncea  a  Teij  fconfale  e£- 
jGaot;  but  the  passage  widena  cnnfiBnaHy  bj  the  weariiig 
qf.  the  wheel.  AlntoC  adckor  stxme  fiJbig  ia  about  the 
.wbed  tears  off  part  of  the  shroudiiig  or  bucket,  and  fioetjr 
ipeather  frequently  binds  all.  tuL  Ji  thoetea  seldom  an- 
swers expectaikms-  We  have  nothing  toadd  pn  this  case 
to  what  we  have  already  extiacted  from  Uz  Smeaton^s 
Dissertation  aa  the  Sulgect  of  Breast  or. half  Overshot 
.Wheels. 

.,  There  is  another  form  of  wfaed  by  which  wafer  is  made 
to  act  on  a  madiine  by  its  wdgjhty  whidi  merits,  condden^ 
tion.  This  is  Imown'in  this  country  by  the  nsne  of  Bor- 
ter^smiH,  and  has  been  described  by  DnsagniBfrs,  vol  IL 
p.  468.  It  consists  of  an  upright  pqpe  or  trunk  AB  (Fig. 
ll.)y  communicating  with  two  horizontal  branches  BC, 
Bi^  which  have  a  hole  C  c  near  thdr  ends,  opening  in  op- 
posite directions,  at  right  angles  to  th^  lengths.  Sufqpose 
water  to  be  poured  in  at  the  top  ficom  the  qpout  F,  it  will 
run  out  by  the  boles  C  and  c  with  the  velocity  correspond- 
ing to  the  depth  of  these  holes  under  the  surfieu^e.  The 
consequence  of  tlus  must  be,  that  the  arms  will  be  pressed 
backwards ;  for  there  is  no  solid  sur£use  at  the  hole  C,  on 
which  the  lateral  pressure  of  the  water  can  be  exerted, 
while  it  acts  with  its  full  force  on  the  opposite  side  of  the 
arm.  This  unbalanced  pressure  is  equal  to  the  weight  of 
a  column  having  the  mfice  for  its  base,  and  twice  the 
depth  under  the  surface  of  the  water  in  the  trunk  for  its 
height  This  measure  of  the  height  may  seem  odd,  be- 
cause if  the  orifice  were  shut,  the  pressure  on  it  is  the 
weight  of  a  column  reachiog  from  the  sur&ce.  But  when 
it  is  open,  the  water  issues  with  nearly  the  vekxnty  ac- 
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quired  by  ftllhig  from  the  siir&oe,  and  tlie  qoanti^  of 
motion  produced  is  that  of  a  column  of  twice  this  length, 
moring  with  this  Tdodty.  This  is  actually  produced  by 
the  pressure  of  the  fluid,  and  must  therefore  be  aooom- 
pamed  by  an  equal  reaction. 

Now  suppose  this  apparatus  set  on  the  pivot  E,  and  to 
hare  a  spodle  AD  above  the  trunk,  furnished  with  a  cylin* 
drical  bobbin  D,  having  a  rope  wound  round  it,  and  pass- 
ing over  a  pulley  G.     A  weight  W  may  be  suspended 
there,  which  may  balance  this  backward  pressure.     If  the 
weight  be  too  small  for  this  purpose,  the  retrograde  mo* 
tion  of  the  arms  will  wind  up  the  ccHrd,  and  raise  the 
weight ;  and  thus  we  obtain  an  acting  machine,  employ* 
ing  the  pressure  of  the  water,  and  applicable  to  any  pur* 
pose.     A  runner  millstone  may  be  put  on  the  top  of  the 
spindle ;  and  we  should  then  produce  a  flour-mill  of  the 
utmost  simplidty,  having  ndther  wheel  nor  pinion,  and 
subject  to  hardly  any  wear.     It  is  somewhat  surprising, 
that  although  this  was  invented  at  the  bq^inning  of  this 
century,  and  appears  to  have  sudi  advantage  in  point  of 
simpUcity,  it  has  not  come  into  use.     So  little  has  Dr  D^ 
saguilier^s  account  been  attended  to  (although  it  is  men- 
tioned by  him  as  an  excellent  madiine,  and  as  highly  in- 
structive to  the  hydraulist),  that  the  same  invention  was 
again  brought  forward  by  a  Grerman  professor  (S^ner)  at 
his  own,  and  has  been  honoured  by  a  series  of  elabonte 
disquisitions  concerning  its  theory  and  performance  by  £n^ 
ler  and  by  John  Bernoulli.    Euler^s  dinertations  are  to  be 
found  in  the  Memoirs  of  the  Academy  of  Berlin,  1751,  &c. 
and  in  the  Nov.  Comment,  Petropol.  torn.  YI.    BemouUTb 
are  at  the  end  of  his  Hydraulics.    Both  these  authors  agree 
in  saying,  that  this  machine  excels  all  other  methods  of 
employing  the  force  of  water.    Simple  as  it  appean,  its 
true  theory,  and  the  best  form  of  oonstmction,  are  most 
abstruse  and  delicate  subjects;  and  it  is  not  easy  to  give 
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such  nn  accoont  of  its  principles  as  will  be  undtmoad  bjr 
as  ordiDaiy  reader. 

We  see,  in  genera],  that  the  macliine  muet  ptes  barit- 
wards;  and  little  investigation  suffices  for  undentn^ng 
the  intensity  of  this  pressure  when  the  nutchioe  is  |altect 
But  when  it  is  allowed  to  run  backwards,  withdrawing  il- 
wlf  from  the  pressure,  the  intensaty  of  it  is  dimunfihed :  and 
if  no  other  drcumstances  intervened,  it  might  not  be  diffi- 
cult to  »ay  what  pwticulor  pressure  corre;^nded  toaoj  ate 
of  motion.  Accordingly,  Desagniliers,  presuming  on  the 
mnplicitj  of  the  machine,  dfiims  the  pressure  to  br  the 
weight  of  a  column,  which  would  produce  a  vdoeily  of  ef- 
flux equal  lo  the  difference  of  the  velocity  of  the  fiiud  snd 
of  the  machine  ;  and  hence  he  deduces,  that  its  perform- 
ante  will  be  the  greatest  [>ossible,  when  its  retrograde  velo- 
city is  onc-tlurd  of  the  velocity  acquired  by  falling  from 
the  surface,  in  which  case,  it  will  raise  ("rths  of  the  water 
expended  to  the  same  height,  which  is  double  of  the  per- 
toraiancG  oi'  a  mill  acted  on  by  the  impulse  of  water. 

But  this  is  a  very  imperfect  account  of  the  openUioa. 
When  ihc  m;icliine  (n instructed  exactly  as  we  have  dp- 
scribed)  moves  round,  the  water  which  issues  desceods  in 
tbe  vertical  trunk,  and  then,  moving  along  the  horisootal 
arms,  partakes  of  this  circular  moticm.  This  exates  a 
oentrifiigal  force,  which  is  exerted  against  the  «ids  of  tbe 
axma  by  the  inlervetition  of  the  fluid.  The  wkde  flmd  ia 
suljected  lo  this  juvssure  (incressng  for  every  sectioa 
aevom  the  arm  in  the  proportion  of  its  distance  from  tbe 
axis),  and  every  particle  is  pessed  with  the  accumulated  cen- 
triAigttl  forces  of  all  the  sections  that  are  nearer  to  the  axis. 
£nfy  aection  therefore  sustains  an  actual  pressure  propor- 
tknal  to  tbe  square  of  its  distance  from  the  axis.  This 
ifrcMcn  the  velocity  of  efflux,  and  this  increases  the  velo- 
city of  revolution ;  and  this  mutual  co-operation  would 
seen  to  tcnntnate  is  an  infinite  vdocity  of  both  motions. 
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But,  OB  the  other  hand,  this  orcular  moUon  must  be  giv«a 
anew  to  erery  particle  of  water  as  it  enters  the  horisontal 
aim.  This  can  be  done  only  by  the  ntotbn  akeady  in  tb^ 
arm,  aad  at  ita  expense.  Thus  thore  must  be  a  vdocity 
which  camiot  be  overpassed  even  by  an  unloaded  machine. 
But  it  is  also  plain,  that  by  maUng  the  horiaontal  arm 
very  capaciaus,  the  motion  of  the  water  from  the  axis  to 
the  jet  may  be  made  very  slow,  and  much  of  this  dimina- 
tioa  of  circular  motion  prevented.  Accordingly,  Euler 
has  reoomniended  a  fcnrm  by  which  this  is  done  in  the  moat 
eminent  degree.  His  machine  consists  of  a  hollow  conoi- 
dal  ring,  of  which  Fig.  12.  is  a  section.  The  part  AH  Aa 
is  a  sort  of  funnel  basin,  which  receives  the  water  from  the 
spout  F ;  not  in  the  direction  pointing  towards  the  axisy 
but  in  the  direction,  and  with  the  precise  velocity,  of  iU 
motion.  This  prevents  any  retardation  by  dragging  for- 
ward the  water.  The  wat^  then  passes  down  between  tha 
ottter  conoid  AC  ca  and  the  inner  conoid  HGgh  along 
spiral  channek  formed  by  partitions  soldered  to  both  co- 
noids. The  curves  of  these  channels  are  determiaed  by  a 
themy  which  aims  at  the  annihilation  of  all  uoneoessary 
and  improper  motions  of  the  water,  but  which  is  too  ah* 
struse  to  find  a  place  here.  The  water  thus  conducted  ai^ 
rives  at  the  bottom  CG,  eg.  On  the  outer  circumfiefreooe 
of  this  bottom  are  arranged  a  number  of  spouts  (one  for 
each  channel),  which  are  all  directed  one  way  in  tangents 
to  the  circumference. 

Adopting  the  common  theory  of  the  reaction  of  fluids, 
this  should  be  a  very  powerful  machine,  and  should  raise 
/rths  of  the  water  expended.  But  if  we  admit  the  reaction 
to  be  equal  to  the  force  of  the  issuing  fluid  (and  we  do  not 
see  how  this  can  be  refused),  the  machine  must  be  nearly 
twice  as  powerful.  We  therefore  repeat  our  wonder,  that 
it  has  not  been  brought  mto  use.  But  it  appears  that  tto 
trial  has  been  made  even  of  a  model ;  so  that  we  have  no 
experiments  to  encourage  an  engineer  to  repeat  the  trial. 
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Even  the  late  aulhor,  Frofeaaot  Segner,  has  not  rehted  any 
thing  of  this  kind  in  his  Exercitationcs  HydrauSax,  "here 
he  particularly  describes  the  machine.  This  renusnesa 
probably  has  proceeded  from  fixing  the  attention  on  Euter's 
improved  construction.  It  is  plain  tbat  this  must  be  a 
moat  cumbrous  mass,  even  in  a  small  size,  requiring  a  pro- 
digious vessel,  and  carrying  an  unnieldy  load.  If  we 
examine  the  theory  which  recommends  this  coastructiim, 
we  find  that  the  advantages,  though  real  and  sensible,  bear 
but  a  small  proportion  to  the  wbole  performance  of  the 
simple  machine  as  invented  by  Dr  Barker,  It  is  therefore 
to  beregretted,  that  engineers  have  not  attempted  lotfaliw 
the  first  project.  We  beg  leave  to  recommend  it,  with  an 
additional  argument  taken  from  an  addition  made  to  it  by 
Mr  Mathon  de  la  Cour,  in  Rozier's  JouttuU  de  PAyjiyur, 
January  and  August  1775.  This  gentleman  brings  down 
s  Urge  pipe  FEH  (Fig,  13.)  from  a  reservoir,  bends  it  up. 
vard  at  H,  and  introduces  it  into  two  boiizontal  arras  DA, 
SB,  which  have  an  upright  spindle  DK,  canying  a  mill- 
stone in  the  style  of  Dr  Barker's  mill.  The  ingenious  mc- 
chanicmn  will  have  no  diiSculty  of  contriving  a  method  of 
jmning  these  [npes,  so  as  to  permit  a  fr^e  circular  motian 
without  losmg  much  water.  The  operation  of  the  machine 
in  this  form  is  evident.  The  water,  pressed  bj  the  colomn 
¥G,  flows  out  at  the  holes  A  and  B,  and  the  unbalanced 
pressure  on  the  opposite  sides  of  the  amis  forces  them 
round.  The  compendiousness  and  other  advantages  of 
this  construction  are  most  striking,  allowing  us  to  make 
use  of  the  greatest  fall  without  any  increase  of  the  aix  of 
the  machine.  It  undoubtedly  enables  us  to  employ  a 
stream  of  water  too  scanty  to  be  employed  in  any  otbff 
form.  The  author  gives  the  dimensions  of  an  engiw 
which  he  had  seen  at  Bourg  Argental.  AB  is  92  inches, 
and  its  diameter  3  inches ;  the  diameter  of  each  orifice  is 
1  i  ;  FG  is  21  feet ;  the  pipe  D  was  fitted  into  C  by  grind- 
ing ;  and  the  internal  diameter  of  D  is  2  inches 
7 
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When  the  machine  was  perfonning  na  work,  or  was  un- 
loaded, and  emitted  wator  by  one  hole  only,  it  made  115 
turns  in  a  minute.  This  ^ves  a  velocity  of  46  feet  per 
second  for  the  Jude.  This  is  a  curious  iad :  for  the  wa- 
ter would  ianie  firom  this  hole  at  rest  with  the  vdodty  of 
37i.  This  great  vdbdty  (which  was  mudit  less  than  the 
velodty  with  which  the  water  actually  qiutted  the  pipe) 
was  undoubtedly  produced  by  the  prodigious  centrifugal 
force,  which  was  nearly  17  times  the  wdght  of  the  water  in 
the  orifice. 

The  emp^  machine  weighed  80  pounds,  and  its  weight 
was  half  supported  by  the  upper  pressure  of  the  water,  so 
that  the  friction  of  the  pivots  was  much  dimimshed.  It  is 
a  pity  that  the  author  has  given  no  account  of  any  work 
done  by  the  machine.  Indeed  it  was  only  working  venti- 
lators  for  a  large  hall.  His  theory  by  no  means  embraces 
all  its  principles,  nor  is  it  well-founded. 

We  think  that  the  free  motion  round  the  neck  of  the 
feeding  pipe^  without  any  loss  of  water  or  any  considerable 
friction,  may  be  obtained  in  the  following  manner :  AB 
(Fig.  14.)  represoits  a  portion  of  the  revolving  horizontal 
jnpe,  and  C£  ec  part  of  the  feeding  pipe.  The  neck  of 
the  first  is  turned  truly  cylindrical,  so  as  to  turn  easily,  but 
without  shake,  in  the  collar  C  c  of  the  feeding  pipe,  and 
each  has  a  shoulder  which  may  support  the  other.  That 
the  friction  of  this  joint  may  not  be  great,  and  the  jnpes 
destroy  each  other  by  wearing,  the  horizontal  pipe  has  an 
iron  spindle  £F,  fixed  exactly  in  the  axis  of  the  joint,  and 
resting  with  its  pivot  F  in  a  step  of  hard  steel,  fixed  to  the 
iron  bar  6H,  which  goes  across  the  feeding  pipe,  and.  is 
firmly  supported  in  it.  This  pipe  is  made  bell-shaped, 
widening  below.  A  collar  or  hose  of  thin  leather  is  fitt^ 
to  the  inside  of  this  pipe,  and  is  represented  (in  section)  by 
LKM  mkl.  This  is  kept  in  its  place  by  means  of  a  metal 
or  wooden  ring  N  n,  thin  at  the  upper  edge,  and  taper- 
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F^aped.  Thi>  is  drawn  in  above  the  leather,  aadativcchn 
it,  mid  causes  it  to  apply  to  the  side  of  the  pipe  A  nuand. 
TIttre  can  be  no  leakage  at  this  joint,  bocauM  the  water 
will  press  the  leather  lo  the  smooth  metal  pipe ;  MX  can 
there  be  any  sciwible  friction,  because  the  water  gela  al  ibe 
edge  of  the  leather,  and  the  whole  unhalanced  pioanirvisat 
the  small  crevice,  between  the  two  meud  sbouLdecs.  TboK 
shoulders  need  oot  touch,  so  that  the  fiictioD  mint  be  tt> 
seonble.  We  imagine  that  this  method  i^  tif^bttittag  m 
turning  joint  may  be  used  with  great  advantage  in  uany 
caaes. 

We  have  only  further  to  observe  on  this  engine,  ditt  any 
imperfection  by  which  die  passage  of  the  water  is  diouimb- 
ed  or  obstructed  produces  a  saving  of  water  which  ia  in  ex- 
act proportion  to  the  diminution  of  eftecU  The  t«ijy  inao- 
curacy  that  b  not  thus  conipcnaatcd  is  when  tfaejeUuv 
not  at  right  angles  tu  the  arms. 

Wc  rL-|Kat  our  wislies,  that  engineers  would  oidoBVOur 
tu  bring  thisi  machine  into  use,  seeing  many  utuations  yibere 
it  may  be  employed  to  great  advantage.  Suppoae.  for  in- 
stance, a  small  supply  of  water  from  a  great  height  applieil 
in  this  manner  to  a  centrifugiJ  ptiotp,  or  to  a  hair  bdt 
posung  over  a  pulley,  and  dipping  in  the  wato'  of  a  deep 
well.  This  would  be  a  hydraulic  machiue  exoeetb^  flU 
others  in  sin^licity  and  durability,  though  ioftsior  in  eSett 
to  some  other  constructions. 

2.  Of  Undershot  IVheels. 

All  wheds  go  by  this  name  where  the  motion  of  die 
water  is  quicker  than  that  of  the  partitions  or  boards  c^dte 
wheel,  and  it  therefore  impels  them.  These  are  called  the 
Jieat-boarda,  or Jloats,  of  an  undershot' wheel.  The  water, 
running  in  a  milUrow,  with  a  velointy  derived  fVom  a  head 
of  water,  or  from  a  declivity  of  channel,  strikes  on  ibeK 
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flo«l%  And  oocaaknsi  by  ito  deflections  odevifle  and  up- 
wods^  a  presgure  on  the  floats  8ii£Bci«Bt  for  iiwpeUing  tbe 

wheel. 

There  are  few  points  of  practical  mediaDios  that  ba^ 

been  more  considered  than  the  action  of  water  qn  the  floats 
ofawheely  hardly  a  bodcof  mechaiucsbeiDgsilantontlie 
subject.  But  the  generality  of  them,  at  kast  sudi  as  am 
intdli^ble  to  persons  who  are  not  very  mvtdi  ooaversant  in 
dynamical  and  mathematical  discusrion,  have  hardly  done 
any  thing  more  than  cc^ied  the  earliest  deductions  firooi 
the  simple  theory  of  the  resistance  of  fluids.  The  coose- 
quenoe  has  been,  that  our  {vactical  knowledge  is  very  im- 
perfect; and  it  is  still  diiefly£rom  experience  that  we  must 
leam  the  performance  of  undershot  wheels.  Unfortunately 
this  stops  th^  improvement ;  because  those  who  have  the 
cmly  (opportunities  of  making  the  e3q)eriments  are  not  su£- 
fidendy  acquainted  with  the  principles  of  hydraulics,  and 
are  apt  to  ascribe  diffisrences  in  their  performance  to  trifling 
nostrums  in  their  construction,  or  in  the  manner  of  ap{^y- 
ing  the  impulse  of  the  water. 

We  have  said  so  much  on  the  imperfection  of  our  theo- 
ries of  the  impulse  of  fluids  in  the  article  Rkbistance  of 
Fluids,  that  we  need  not  repeat  here  the  defects  of  the 
common  explanations  of  the  moUons  of  undershot  wheels. 
The  part  of  this  theory  of  the  impulse  of  fluids  which 
agrees  best  witli  observation  is,  thai  the  impulse  is  in  the 
duplicaie  proportion  of  the  velocity  with  which  tlie  water 
strikes  tiieJhcU.  That  is,  if  v  be  the  velodty  of  the  stream, 
and  u  the  velocity  of  the  float,  we  shall  have  F,  the  im- 
pulse on  the  float  when  held  fast  to  its  impulsey  on  the 

float  moving  with  the  velocity  u,  as  v'  to  v — »',  and/* := 

r — zi 

F  X  !:zzi. 

tr 
This  is  the  pressure  acting  on  the  float,  and  ur^ng  the 
wheel  round  its  axis.     The  wheel  must  yield  to  this  mo- 
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Qon,  if  the  resistance  of  the  vork  does  not  excA  a  superiir 
nressure  on  the  float  in  the  opposite  direction.  By  yield- 
ing, the  float  withdraws  frcon  the  impulse,  and  this  is 
therefore  dunimBhed,  The  wheel  accelerates,  the  nesist- 
ances  increase,  and  the  impulses  diminish,  till  they  bcoome 
an  exact  balance  for  the  resistances.  The  motion  now  n- 
maias  uniform,  and  the  momentum  of  impulse  is  equal  to 
that  of  resistance.  The  performance  of  the  mill  tberdbre 
ie  determined  by  this ;  and,  whatever  be  the  constniclion  d 
the  mil),  its  perfomiance  is  best  when  the  momentum  at 
impulse  is  greatest.  This  is  had  by  multiplying  tlie  pres- 
sure on  the  float  by  its  velocity.     Therefore  the  s 


-  X  u.  But  nnce  F  aad 

1^  are  constant  quantities,  the  momentum  will  be  pn^MT' 
donul  to  K  X  r— M*.  Let  jr  represent  tlie  relative  velocity. 
Then  c— r  will  be  ^=  w,  and  the  momentum  will  be  pro- 
porlional  to  v — k  x  x*,  and  will  be  a  maximum  wlien 
v—x  x^is  a  maximum,  or  wlien  v  x*^-^  is  a  maximum. 
This  will  be  discovered  by  making  its  fluxion  =o.  Thai  is, 
2vxx  —  ai^x  =  o. 

and      2vx  — 5x^  =  0 

or  2t>  — 3'sso 

and  2  0  =  31:,  and  j  =  |  f;  and  therefore  V — <r,  or 
Uf  =  ^v.  That  is,  the  velocity  of  the  float  must  be  oae< 
third  of  the  velocity  of  the  stream-  It  only  remains  to  say 
what  is  the  absolute  pressure  on  the  float  thus  drcuin- 
stanced.  Let  the  velocity  v  be  supposed  to  arise  &om  the 
pressure  of  a  head  of  water  h.  The  common  theory  teaches 
that  the  impulse  on  a  given  surface  S  at  rest  is  equal  to  the 
weight  of  a  column  AS;  put  this  in  place  of  F,  and  {  v* 
in  place  of  v —  u'  and  |  v  for  u.  This  ^ves  tts  S  A  X  iV 
V  for  the  momentum.  Now  the  power  expended  ia  S  A  f , 
or  the  column  S  h  moving  with  the  velocity  v.  Therefore 
the  greatest  performance  of  an  undershot  wheel  is  cquiva- 
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lent  ta  nuing  A  of- the  water  that  drhrea  it  to  the  saaM 
height 

But  this  is  too  smaO  an  estamalioii ;  tar  the  pressure  ez* 
erted  on  a  plane  siii&ce,  ataated  as  the  float  in  a  milUwheely 
is  considerably  greater  than  the  woght  of  the  column  S  JL 
This  is  nearly  the  pressure  on  a  surfiice  whoUy  immersed  io 
die  fluid.  But  when  a  smaD  vein  strikes  a  larger  plane^ 
so  as  to  be  deflected  on  all  sides  in  a  thin  sheet,  the  inw 
pulse  is  almost  double  of  ibis.  This  is  in  some  measure 
the  case  in  a  milLwheeL  When  the  stream  strikes  it,  it  ia 
heaped  up  along  its  &ce,  and  falls  back  agatn-«-and  during 
this  motion  it  is  acting  with  a  hydrostatic  pressure  on  it 
When  the  wheel  dips  into  an  open  river,  this  accumulation 
is  less  remarkable,  because  much  escapes  laterally ;  but  in 
a  milL-course  it  may  be  conriderable. 

We  have  considered  only  the  action  on  one  float,  but 
several  generally  act  at  once.  The  impulse  on  most  of 
them  must  be  oblique,  and  is  therefore  less  than  when  the 
same  stream  impinges  peipendicularly ;  and  this  diminutioa 
of  impulse  is,  by  the  common  theory,  in  the  proportion  of 
the  one  of  the  obliquity.  For  this  reason  it  is  mfuntained^ 
the  impulse  of  the  whole  stream  on  the  lowest  float-board, 
which  is  perpaidicular  to  the  stream,  is  equal  to  the  sum 
of  the  impulses  made  on  all  the  floats  which  then  dip  into 
the  water ;  or  that  the  impulse  on  any  oblique  float  is  pn^ 
dsely  equal  to  the  impulse  which  that  part  of  the  stream 
would  have  made  on  the  lowest  float-board  had  it  not  been 
interrupted.  Therefore  it  has  been  recommended  to  make 
such  a  number  of  float-boards,  that  when  one  of  them  isat 
the  bottom  of  the  wheel,  -and  perpendicular  to  the  stream, 
the  next  in  succession  should  be  just  entering  into  the  w»- 
ter.  But  since  the  impulse  on  a  float  by  no  means  annihi» 
lates  all  the  motion  of  the  water,  and  it  bends  round  it  and 
hits  the  one  behind  with  its  remaining  fi)rce,  there  must  be 
some  advantage  gmned  by  employing  a  greater  number  of 
floats  than  this  rule  will  permit.     This  is  abundjuitly 
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Gnned  hj  Uic  cxpentoeBts  of  Smeaton  snd  BoMUl.     U. 

BoHsut  ibrmed  three  or  four  suppoMtioas  of  the  number  rf 
Boats,  aad  calculated  the  impulse  on  each  ;  aceording  10 
tbe  observations  made  in  a  cour»;  of  experiments  made  bf 
the  Academy  of  Sciences,  and  io&eried  by  us  in  the  irudc 
Rksistaxce  of  Fluids  ;  and  when  he  summn]  then  tf 
wd  compared  the  results  with  his  experiments,  be  faaJl 
the  agreement  very  satisfactory.  He  deducts  a  genori 
rule,  that  if  tlie  velocity  ol  the  wheel  is  ^d  of  that  ofd* 
tticom,  and  if  72  degrees  of  the  circumference  are  iqudcts- 
cd  in  tlie  stream,  tiie  wheel  should  have  36  Scats.  £acfi 
will  dip  Jth  of  the  radius.  Tlic  velocity  bnngnfilsap. 
paeod  the  same,  there  should  be  more  or  fewer  Aoiti  bc- 
eording  us  Uic  ardi  is  less  or  greater  than  7S  degrees. 

Such  is  ilic  ihiiiiy,  and  such  are  the  ctmimstancfl  whiiA ' 
it  leaves  uDdctermined.  The  accumulatioo  of  the  water' 
on  a  float-board,  and  (he  force  with  whieli  it  may  still  strilM 
another,  ore  too  intricate  to  be  assigned  with  any  lolerahle ' 
pceosiou :  for  such  reasons  we  must  acknowled^  that  the 
theory  of  nndLTshot  wheels  is  slJll  very  iniperfctt.  and  that 
reoourae  must  be  had  to  experience  fiir  their  impnvement. 
We  therefore  strongly  recommend  the  perusal  of  Mr  Snwi- 
ton's  experiments  on  undershot  wheels,  contained  in  d>e 
wme  disaertation  with  those  we  have  quoted  on  overthot 
wheels.  We  have  only  to  obwrve,  that  to  an  ordinary 
reader  the  experiments  will  appen  too  mudi  in  ftvour  of 
■ndenbot  wheels.  His  aim  is  partly  to  establirfi  a  themy, 
n^iich  will  state  the  nriation  between  their  pgfoiiuapce 
and  die  velocity  of  the  stream,  and  partly  to  state  the  l^ 
tion  between  the  power  expended  and  the  work  done.  TV 
velocity  in  hia  experiments  is  alwaya  considerably  bdot 
thM  which  »  body  woidd  acquire  by  falling  from  die  sur- 
faee  of  the  head  of  water;  or  it  is  the  velocity  acquired  bj 
a  hunter  fall.  Thenefore,  if  we  eMimate  the  power  ex- 
pended by  the  qumility  of  water  multiplied  by  this  dimi- 
nished fall,  we  shall  make  it  too  small ;  and  the  diflmnct 
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in  mne  cases  is  ycrj  grett :  ]^  even  with  these  oonee^ 
■oiis>  it  af^pears  thai  the  utasoet  performasoe  of  an  uBdev- 
ahot  wheel  does  n^t  swpaaa  the  nising  ^  of  dM  expended 
water  to  the  plaoa  ham  which  it  came  It  ia  therefore  te 
infiericn:  to  an  overshot  wheel  expendiDg  the  savie  power; 
and  Mr  Belidnr  has  led  engineers  into  verj  nstaken  max- 
ims of  constnictioD,  by  saying  that  overshot  wheels  should 
be  given  up,  even  in  the  case  of  great  fells,  and  thai  we 
should  always  farii^  on  the  water  ftom  a  sluice  in  the  very 
bottom  of  the  dam,  and  bring  it  to  the  wheel  with  as  great 
▼elocity  as  possible.  Mr  Smeaton  also  says,  that  the  masf- 
imum  takes  place  when  the  velocity  of  the  wheel  is  Iths  of 
that  of  the  stream,  instead  et  Iths  according  to  the  theory; 
and  this  agrees  with  the  experiments  of  Bossnt  But  he 
measured  the  vekxaty  by  means  of  the  quantity  of  wttCer 
which  run  past  This  must  give  a  velocity  somewhat  too 
smaD,  aa  will  appear  by  attending  to  BuaCa  observations 
on  the  stq)erficia},  the  mean,  and  the  bottom  velocities. 

The  rest  of  his  observations,  are  most  jucBdons,  and 
well  adapted  to  the  instruction  of  practitioners.  We  have 
cmly  to  add  to  them  the  observations  of  Deparcieux  and 
Bossut,  who  have  evinced,  by  very  good  experiments,  that 
there  is  a  very  sensible  advantage  gained  by  inclining  the 
float-boards  to  the  radius  of  the  wheel  about  SO  degrees^ 
so  that  the  lowest  float-board  shidl  not  be  perpendicular, 
but  have  its  point  turned  up  the  stream  riiout  20  degrees. 
Thb  iaelinatioB  causes  the  water  to  heap  up  along  the  float* 
board,  and  act  by  its  weight  The  floats  should  therefore 
be  made  mnck  broader  than  the  vein  of  water  interrupted 
by  them  is  deep. 

Some  engineers,  observing  the  great  superiority  of  over- 
shot wheels  above  undershot  wheris  driven  I7  the  same  ex- 
pense of  power,  have  proposed  to  bring  the  water  home  to 
the  bottom  of  the  wheel  on  an  even  bottom,  and  to  make 
the  float4)oard  no  deeper  than  the  aperture  of  the  sluice, 
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wbich  would  permit  the  vniter  to  run  out.  Tbe  vheA  it  ' 
to  be  6tted  with  a,  cloae  sole  and  sides,  exatAXj  fitted  to  iht 
eod  of  this  trough,  so  that  if  the  wheel  is  at  rest,  the  waict 
aiay  be  dammed  up  by  the  sole  and  float-boaid.  It  mil 
therefore  press  forward  the  float-board  with  the  whole  force 
of  the  head  of  water.  But  this  cannot  answer:  for  if  m 
Buppoae  DO  float-boards,  tlie  water  will  flow  out  at  the  beU 
torn,  propelled  in  tfie  manner  those  persons  BUppoae;  and 
it  will  be  supplied  from  behind,  the  water  coming  ^"^ 
from  all  parts  of  the  trough  to  the  hole  below  the  wheA 
hut  now  add  the  floats,  and  5up)K)se  the  whe^l  in  motioii 
witli  tlie  velocity  that  is  expected.  The  other  floats  muat 
drag  into  motion  oU  tlie  water  which  lies  between  tfaem, 
ffving  to  the  greatest  part  of  it  a  motion  vastly  greaia 
than  it  would  have  token  in  consequence  of  the  pressure  of 
the  water  beliind  it ;  and  the  water  out  of  the  reach  of  the 
floats  will  remain  still,  which  it  would  not  have  done  indfr 
pendent  of  the  floauboards  above  it,  because  it  would  haie  I 
contributed  to  the  expense  of  the  bole.  Tbe  oiotioi^  I 
therefore,  which  tlie  wheel  will  acquire  by  tins  coastructioo 
must  be  «o  di^rent  from  what  is  expected,  that  we  can 
hardly  say  what  it  will  be. 

We  are  therefore  posuaded,  that  the  best  my  of  d^v- 
ering  the  water  on  an  undershot  wheel  in  a  cIok  nuU-coarse 
is,  to  let  it  slide  down  a  very  smooUi  channel,  without  touiji- 
ing  the  wheel  till  near  the  bottom,  where  the  wheel  should 
be  exactly  fitted  to  the  course;  or,  to  make  the  floats  ex- 
ceedingly broader  than  the  depth  of  the  vein  of  water  wind 
glides  down  the  course,  and  allow  it  to  be  partly  intercef*- 
ed  by  the  first  floats,  and  heap  up  along  th«n,  actmgby 
its  w^ght,  after  its  impulse  Las  been  expended.  If  tbe 
bottom  of  the  course  be  an  arch  of  a  circle  detcribed  wilhs 
radius  much  greater  than  that  of  the  wheel,  the  water  wbch 
slides  down  will  be  thus  gradually  intercepted  by  the  floats. 

Attempts  have  been  made  to  construct  water-wbeeb 
which  receive  the  impulse  obliquely,  like  the  auls  of  c  ooib- 
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mon  wiiidi-iiiilL  This  would,  in  maay  tttnatioPB^be  m  very 
great  acquisition.  A  rerj  alow  but  desip  meat  could  in 
iJtuBwaaaaet  be  made  to  drire  our  milk;  and  although 
much  power  ia  Ioat>jr  ihe  ob&qui^  of  the  impulse,  the  re- 
mainder may  be  very  great.  It  is  to  be  regretted,  that 
these  attempts  have  not  be^  mcne  zealously  prosecuted ; 
{cat  we  have  no  doubt  of  their  success  in  a  very  serviceable 
degree.  Engineers  have  been  deterred,  because  when  such 
wheels  are  plunged  in  an  opod  stream,  their  lateral  motion 
is  too  much  impeded  by  the  motion  of  the  stream.  We 
have  seen  one,  however,  which  was  very  powerful :  it  was 
a  long  cylindrical  frame,  having  a  plate  standing  out 
from  it  about  a  foot  broad,  and  surrounding  it  with  a  very 
oUique  sfural  like  a  oork*8crew.  This  was  plunged  about 
one-fourth  of  its  diameter  (which  was  about  12  feet),  hav- 
ing its  axis  in  the  direction  of  the  stream.  By  the  work 
which  it  was  performing,  it  seemed  more  powerful  than  a 
common  wheel  which  occupied  the  same  breadih  of  the  ri- 
ver. Its  length  was  not  less  than  20  feet :  it  mi^t  have 
been  twice  as  much,  which  would  have  doubled  its  power, 
without  occupying  more  of  the  water-way.  Perhaps  such 
a  spiral,  continued  to  the  very  axis,  and  moving  in  a  bed* 
low  canal  wholly  filled  by  the  stream,  might  be  a  very  ad- 
vantageous way  of  employing  a  deep  and  slow  stream. 

But  mills  with  oUique  floats  are  most  useful  for  emjdoy- 
ing  small  streams^  which  can  be  delivered  from  a  spout 
with  a  great  velocity.  Mr  Bossut  has  considered  these 
with  due  attention,  and  ascertmned  the  best  modes  of  ccm- 
struction.  There  are  two  which*  have  nearly  equal  per- 
formances :  1.  The  vanes  being  placed  like  those  of  a  mnd- 
mill,  round  the  rim  of  a  horizontal  or  vertical  whed,and 
being  made  much  broader  than  the  vein  of  water  which  is 
to  strike  them,  let  the  spout  be  so  directed  that  the  von 
may  stiike  them  perpendicularly.  By  this  measure  it  will 
be  sjptead  about  on  the  vane  in  a  thin  sheet,  and  exert  a 
pressure  nearly  equal  to  twice  the  weight  of  a  column  whose 
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tiai  the  nMMMe ;  iotluiltfaettflliiordM 

dt^:  aaii  <hii k  ili  chief  ii wwihH mlrthii  r 

b  gieedj  mftritfr  to  dM  of  a  iAmI  MiiiifciUMl  in  Ae 

tL  Theninee  may  h^  wtnmgei  tooni*  Ibe  limcfdie 
H^ed,  Mt  fike  the  ttOe  ofc  wini-affl,  Ih  "pbUei^iBcSa. 
ed  to  the  nidS»  hot  pMBdtttheiatal^orierthe  phnee 
pemigtihiioagli  the  ejde.  Thef  Bssf  eiAer  ilattf  on  a 
eol^  Kke  Ae  oWqpie' tnls  veiRMBtaendaili^  Bif  Pttreenz, 
at  rfibfP4Peptiotfed ;  or  thejittaf  «(iliiott]dieiUerfthe 
rin^  Bot  pomtii4i;  to  the  azifl^  Imt  aride  fli^ 

This  diqporitioii  wSl  adnut  the  tpottt  to  hb  nfitalie  eonfo^ 
Biently  iSapoaeA  other  fer  ahoriaoatdor  a  tieftiad  ivhed. 

We  shittl  ebnduoie  tfau  arack  tf  wHurBntg  a  couftiif^ 
anoe  of  Mr  Burns,  the  inventor  of  the  Anible-hucketed 
wheel,  for  fixing  the  arms  of  a  water-irfieeL  Tt  is  well 
known  to  mill-wrights,  that  the  method  of  firing  them  by 
making  them  to  pass  through  the  axk,  weakens  it  exceed* 
ittglj,  and  by  lodging  water  in  the  j<Mnt,  soon  causes  it  to  rot 
and  fail.  They  have,  therefore^  of  late  years  pat  caBt-iroa 
flanchea  on  the  axis,  to  which  each  arm  is  bolted :  or  the 
flanches  are  so  fashioned  as  to  form  boxes,  serving  as  mor- 
tices to  receive  the  ends  of  the  arms.  These  answer  the 
purpose  completely,  but  are  very  expensive ;  and  it  is  found 
that  arms  of  fir,  bolted  into  flanches  of  iron,  are  apt  to 
work  loose. .  Mr  Bums  has  made  wooden  flanches  of  a 
very  curious  construction,  which  are  equally  firm,  and  cost 
mudi  less  than  the  iron  ones. 

This  flanch  connsts  of  eight  pieces,  four  of  whidi  com- 
pose the  ring  represented  in  Fig.  15.  meeting  in  Ae  joints 
aft,  aft,  aft,  aft,  directeil  to  the  centre O.  The  other  four 
are  covered  by  these,  and  their  joints  are  fepresented  by 
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the  dotted  lines  «  ^  •  /^>  •  /3>  «  A*  These  two  rings  break  joint 
in  such  a  manner  that  an  arm  MN  is  contained  between 
the  two  nearest  joints  a!  V  of  the  one,  and  •'  A'  of  the  other. 
The  tenon  formed  on  the  end  of  the  arm  A,  8ec.  is  of  a  par- 
ticular shape :  one  side,  6F  is  directed  to  the  centre  O  ; 
the  other  side,  BCDE,  has  a  small  shoulder  BC ;  then  a 
long  nde  CD  directed  to  the  centre  O  ;  and  then  a  third 
part  D£  parallel  to  6F,  or  rather  diverging  a  little  from 
it,  so  as  to  make  up  at  £  the  thickness  of  the  shoulder 
BC ;  that  i^  a  line  from  B  to  £  would  be  parallel  to  CD. 
This  ade  of  the  tenon  fits  exactly  to  the  corresponding 
ade  of  the  mortise ;  but  the  mortise  is  wider  on  the  other 
side,  leaving  a  space  GFK  A  a  Jittle  narrower  at  FK  than 
at  GA.  These  tenons  and  mortises  are  made  extremely 
true  to  the  square;  the  pieces  are  put  round  the  axle, 
with  a  few  blocks  or  wedges  of  soft  wood  put  between  them 
and  the  axle>  leaving  the  space  empty  opposite  to  the  place 
of  each  arm,  and  firmjy  bolted  together  by  bolts  between 
the  arm  mortises.  The  arms  are  then  put  in,  and  each  is 
pressed  home  to  the  side  CDE,  and  a  wedge  HF  of  hard 
wood  is  then  put  into  the  empty  part  of  the  mortise  and 
driven  home.  When  it  comes  through  the  flanch  and 
touches  the  axle,  the  part  which  has  come  through  is  cut 
off  with  a  thin  chisel,  and  the  wedge  is  driven  better  home. 
The  spaces  under  the  ends  of  the  arms  are  now  iiQed  with 
wedges^  which  are  driven  home  from  opposite  sides,  till  the 
drde  of  the  arms  stands  quite  perpendicular  on  the  axle, 
and  all  is  fast  It  needs  no  hoops  to  keep  it  together,  for 
the  wedging  it  up  round  the  axle  makes  the  two  half  rings 
draw  close  on  the  arms,  and  it  cannot  start  at  its  own  joints 
till  it  crushes  the  arms.  Hoops,  however,  can  do  no  harm, 
when  all  is  once  wedged  up,  but  it  would  be  improper  to 
put  them  on  before  this  be  done. 

VOL.  II.  2  • 


It  would  be  an  cnlcrtnining  and  not  an  tminstnictiTefWCC 
of  inforraulion  lo  learn  the  pmgreswvc  steps  hy  which  llie 
ingenuity  of  man  liaa  invented  the  various  methods  of  ni»- 
ing  water.  A  pump  must  be  considered  as  the  last  step 
of  Uiis  progress.  Common  as  it  is,  and  overlooked  even  l^ 
the  curious,  it  is  a  very  abstruse  and  refined  invention. 
Nothing  like  it  has  been  found  in  any  of  the  rude  n^tiinu 
whom  the  restless  spirit  of  the  Europeans  has  distovered, 
either  in  the  new  continent  of  America  or  the  islands  of  the 
fadfic  Ocean.  Nay,  it  was  uoknown  in  tbe  cultirated  em- 
pre  of  China  at  the  time  of  our  arrival  there  by  m ;  and 
it  is  still  a  rarity  everywhere  in  Asa,  in  places  uvfivquent- 
ed  by  the  Europeans.  It  does  not  appear  to  hare  been 
known  to  the  Greeks  and  Romans  in  early  limes ;  and  per- 
^MfM  it  came  fnHu  Alexandria,  where  pbyncal  and  mathe- 
^mical  science  waa  much  cultivided  by  the  Greek  sdioal 
under  the  protection  of  the  Ftolemiee.  The  performflDcn  of 
CtenbiuB  and  Hero  are  spoken  of  by  Pliny  and  Vitruvius  as 
curious  novelties.  *     It  is  perhaps  not  difficult  to  trace  the 


*  In  the  earljr  Greek  writings,  it  does  not  appear  that  tbe  word) 

Wr^,  'wrXAi,  'aurxia,  &c.  were  tiled  to  express  any  thing  like  whtt 

we  cdl  a  pmnp.    In  all  thne  pauagea  the  wonlc  either  express  gene- 

,  all/  the  drawing  of  water,  or,  more  particularly,  tbe  drawhig  it  with 
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8tq»  by  which  those  mechanidatM  were  led  to  the  invention. 
The  Egjrptian  whed  was  a  common  machine  all  over  Asia, 
and  is  still  in  use  in  the  remotest  comers,  and  was  brought 
by  the  Saracens  into  Spain,  where  it  is  still  very  common 
under  its  ancient  name  noria.  The  Danish  missionaries 
found  in  a  remote  village  in  the  kingdom  of  Siam  the  imme* 
diate  offspring  of  the  noria.  It  was  a  wheel  turned  by  an 
ass,  and  carrying  round,  not  a  string  of  earthen  pots,  but 
a  string  of  wisps  of  hay  which  it  drew  through  a  wooden 
trunk.  This  rude  chain-pump  was  in  frequent  use  for  wa* 
tering  the  rice-fields.  It  b  highly  probable  that  it  is  of 
great  antiquity,  although  we  do  not  recollect  its  being  men- 
Uoned  by  any  of  the  Greek  or  Boman  writers.  The  Arabs 
and  Indians  wexe  nothing  less  than  innovators ;  and  we 
may  suppose  with  great  safety,  that  what  arts  we  now  find 
among  them  they  possessed  in  very  remote  periods.  Now 
the  step  from  this  to  the  pump  is  but  short,  though  it  ta 
nice  and  refined ;  and  the  fiardng  pump  of  Ctesibius  is  the 
easiest  and  most  naturaL 

Let  AB  (Plate  XII.  Fig.  1.)  be  the  surface  of  the  w*. 
ter  in  the  well,  and  D  the  height  where  it  is  to  be  deliver- 
ed* Let  DC  be  a  long  wooden  trunk,  reaching  as  deep 
under  water  as  possible.  Let  the  rope  £F  be  fitted  with 
its  knot  of  hay  F.    When  it  is  drawn  up  through  the 


a  backet  or  something  similar.  'A»rx«f ,  which  is  the  primitive^  is  a 
dn&D,  rink^  or  receptacle  ftr  collecting  scattered  water,  either  ftr 
DM,  or  to  get  lid  of  it ;  henoe  it  came  to  signify  the  sink  or  well  of- 
a  ship ;  and  "m9rkin  was  synonimoiia  with  oar  vfrb  '^  to  bale  the  htMU" 
{Od^s.  0. 476.  M.  411.  Euryp.  Hecuba,  10S5.)  'Afriat^  is  t^  vend 
or  bucket  with  which  water  is  drawn.  'AyrXj«  is  the  service  (gene- 
rally  a  panishment)  of  drawing  water.  ArrAitv,  '^  to  draw  water  with 
a  backet :"  henoe  the  force  of  Aristotle's  expression  {Oeeon.  i.),  w 
ym^  htfUi  'mrrXuf  r§»^  Ui-  See  even  the  late  aathority  of  the  New  Tea- 
tamenty  John  iL  8. ;  iy.  7.  11.  Here  *v9TKnfm.  is  evidendy  something 
which  the  woman  brought  along  with  her ;  probably  a  bucket  and  jDope* 
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trunk,  it  will  bring  up  akxig  with  it  all  tlie  witer  Ifimg 
between  C  and  A,  which  will  b^n  to  run.  out  by  the 
spout  D  as  soon  as  the  knot  gets  to  6,  as  far  bdow  D  aa 
C  is  below  A.    All  this  is  very  obvious ;  and  it  veqimcd 
but  little  reflection  to  be  assured,  that  if  F  was  let  down 
again,  or  pushed  down,  by  a  rod  instead  of  a  rape,  it 
would  again  perform  the  same  office.    Here  is  a  veij  sim- 
ple pump.    And  if  it  was  ever  put  in  practioe,  it  beiioved 
to  show  the  supporting  power  of  the  atmosphere,  beiaiiwa 
the  water  would  not  only  be  lifted  by  the  knot,  but  wuukl 
even  iblbw  it.     The  imperfection  of  this  pump  bebbved  to 
appear  at  first  sight,  and  to  suggest  its  remedy.   By  puib- 
ing  down  the  knoC  F,  which  we  shall  henceforward  call  tbe 
fiiUm^  all  the  foroe  expended  in  lifting  up  the  water  be- 
tween A  and  6  is  thrown  away,  because  it  is  again  let 
down.     A  valve  G,  at  the  bottom,  would  prevent  this* 
But  then  there  must  be  a  passage  made  for  the  water  fay  a 
hiteral  tube  KBD  (Fig.  2.)    And  if  this  be  also  fumisbcd 
with  a  valve  H,  to  prevent  its  losing  the  water,  we  have 
the  pump  of  Ctesibius,  as  sketched  in  Fig.  S.    The  valve 
is  the  great  refinement:  but  perhaps  even  this  had  made 
its  appearance  before  in  the  noria.     For,  in  the  more  per- 
fect kinds  of  these  machines,  the  pots  have  a  stop  or  valve 
in  their  bottom,  which  hangs  open  while  the  pot  descends 
with  its  mouth  downwards,  and  tlien  allows  it  to  fill  readily 
in  the  cistern  ;  whereas,  without  the  valve,  it  would  occa- 
sion a  double  load  to  the  wheel.     If  we  suppose  that  the 
valve  had  made  its  appearance  so  early,  it  is  not  impioba- 
Ue  that  the  common  pump  sketched  in  Fig.  3.  was  as  old 
as  that  of  Ctesibius.  In  this  dissertation  we  shall  first  ^ve 
a  short  description  of  the  chief  varieties  of  these  engines, 
considering  them  in  their  simplest  form,  and  we  shall  ex- 
plain in  very  general  terms  tlieir  mode  of  operation.     We 
shall  then  give  a  condse  and  popular  tlieory  of  their  oper- 
ation, furnishing  principles  to  direct  us  in  their  construe- 
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taoD ;  itid  we  shall  conclude  with  the  deBcription  of  a  few 
peculiarities  which  may  contribute  to  their  inqprovemeni  or 
perfection* 

There  are  but  two  sorts  of  pumps  which  essentially  dif- 
fer ;  and  all  the  varieties  that  we  see  are  only  modificatioi» 
of  these.  One  of  these  original  pumps  has  a  solid  piston ; 
the  other  has  a  piston  with  a  perforation  and  a  valTo.  We 
usually  caU  the  first  a  forcing  pump,  and  the  second  a 

UFTIKG  or  SUCKIMO  PUMP. 

Fig.  8*  is  a  sketch  of  the  forcing  pump  in  its  most  sim- 
{de  form  and  situation.  It  consists  of  a  hollow  cylinder 
ACcOj  called  the  working  barrel,  open  at  both  ends, 
and  having  a  valve  G  at  the  bottom,  opening  upwards. 
This  cylinder  is  filled  by  a  solid  [uston  £F,  covered  exter* 
nally  with  leather  or  tow,  by  which  means  it  fits  tlie  box 
of  the  cylinder  exactly,  and  allows  no  water  to  escape  by 
its  sides.  There  is  a  pipe  KHD,  which  communicates  la- 
terally with  this  cylinder,  and  has  a  valve  at  some  conve- 
nient place  H,  as  near  as  possible  to  its  junction  with  the 
cylinder.  This  valve  also  opens  upwards.  This  pipe, 
usually  called  the  rising  pipe,  or  main,  terminates  at  the 
place  D,  where  the  water  must  be  delivered. 

Now  suppose  this  apparatus  set  into  the  water,  so  that 
the  upper  end  of  the  cylinder  may  be  under  or  even  with 
the  surface  of  the  water  AB,  the  water  will  open  the  valve 
G,  and  after  filling  the  barrel  and  lateral  pipe,  will  also 
open  the  valve  U,  and  at  last  stand  at  an  equal  haght 
within  and  without.  Now  let  the  piston  be  put  in  at  the 
top  of  the  working  barrel,  and  thrust  down  to  K.  It  will 
push  the  water  before  it.  This  will  shut  the  valve  G,  and 
the  water  will  make  its  way  through  the  valve  H,  and  fill 
a  part  B  i  of  the  rising  pipe,  equal  to  the  internal  capacity 
of  the  working  barrel.  When  this  downward  motion  of 
the  piston  ceases,  the  valve  H  will  fall  down  by  its  own 
weight  and  shut  tliis  passage.  Now  let  the  piston  be 
drawn  up  again :  the  valve  H  hinders  the  water  in  the  ris* 
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ing  pipe  from  returning  into  the  working  barrel.  Bat  now 
the  valve  6  is  opened  by  the  preflsure  of  the  external  wa- 
ter,  and  the  water  enters  and  fills  the  cylinder  as  the  phton 
rises.  When  the  piston  has  got  to  the  top,  let  it  be  thrust 
down  agun :  the  valve  G  will  agun  be  shut,  and  the  water 
will  be  forced  through  the  passage  at  H,  and  rise  along  the 
main,  pushing  before  it  the  water  already  there,  and  will 
now  have  its  surface  at  L.  Repeating  this  operation,  the 
water  must  at  last  arrive  at  D,  however  remote,  and  the 
next  stroke  would  rdse  it  to  ^ ;  so  that  during  the  next 
rise  of  the  piston  the  water  in  ^  D  will  be  running  off  by 
the  spout. 

The  effect  will  be  the  same  whatever  is  the  pontion  of 
the  working  barrel,  provided  only  that  it  be  under  water. 
It  may  lie  horizontally  or  sloping,  or  it  may  be  with  its 
mouth  and  piston  rod  undermost  It  is  still  the  same 
forcing  pump,  and  operates  in  the  $ame  manner  and  by 
the  same  means,  viz.  the  pressure  of  the  surrounding 
water. 

The  external  force  which  must  be  applied  to  produce 
this  effect  is  opposed  by  the  pressure  exerted  by  the  water 
on  the  opposite  face  of  the  piston.     It  is  evident,  from  the 
common  laws  of  hydrostatics,  that  this  opposing  pressure  is 
equal  to  the  weight  of  a  pillar  of  water,  having  the  face  of 
the  piston  for  its  base,  and  the  perpendicular  height  J  A  of 
the  place  of  delivery  above  the  surface  of  the  water  AB  in 
the  cistern  for  its  height.    The  form  and  dimensions  of  the 
risbg  pipe  are  indifferent  in  this  respect,  because  heavy 
fluids  press  only  in  the  proportion  of  their  perpendicular 
height.     Observe  that  it  is  not  d  F,  but  d  A,  which  mea- 
sures this  pressure,  which  the  moving  force  must  balance 
and  surmount.     The  whole  pressure  on  the  under  surface 
F/of  the  piston  is  indeed  equal  to  the  weight  of  the  pillar 
d  Ffi ;  but  part  of  this  is  balanced  by  the  water  AF  fa. 
If  indeed  the  water  does  not  get  into  the  upper  part  of  the 
working  barrel,  this  compilation  does  not  obtain.    While 
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ire  draw  up  the  fnBtoo,  this  premire  is  removed,  because 
all  conunuiucadcm  is  cut  off  by  the  valve  H,  which  now 
bears  the  whole  pressure  of  the  water  in  the  main.  Nay, 
the  ascent  of  the  piston  is  even  asdsted  by  the  jn^essure  of 
the  surrounding  water.  It  is  only  during  the  descent  of 
the  piston  therefore  that  the  external  force  is  necessary. 

Obsarve  that  the  measure  now  g^ven  of  the  external  force 
is  only  what  is  necessary  for  balancing  the  pressure  of  the 
water  in  the  rising  pipe.  But  in  order  that  the  pump  mi^ 
perform  work,  it  must  surmauni  this  pressure,  and  cfiuse 
the  water  to  issue  at  D  with  such  a  velocity  that  the  r^* 
quired  quantity  of  water  may  be  delivered  in  a  ^ven  time. 
Thb  requires  fcnrce,  even  although  here  were  no  opposing 
pressure ;  which  would  be  the  case  if  the  main  were  hori- 
zcmtaL  The  water  fills  it,  but  it  is  at  rest  In  order  that 
a  gallon,  for  instance,  may  be  delivered  in  a  second,  the 
whole  water  in  the  horizontal  main  must  be  put  in  motion 
with  a  certain  velocity.  This  requires  force.  We  must 
therefore  always  distinguish  between  the  state  of  equili- 
brium and  the  state  of  actual  working.  It  is  the  equili- 
brium only  that  we  consider  at  present ;  and  no  more  la 
necessary  for  understanding  the  operation  of  the  different 
species  of  pumps.  The  other  force  is  of  much  more  intri- 
cate investigation,  and  will  be  considered  by  itself. 

The  simplest  form  and  situation  of  the  lifting  pump  is  re- 
presented by  the  sketch  Fig.  3.  The  pump  is  immersed 
in  the  cistern  till  both  the  valve  G  and  piston  F  are  under 
the  surface  AB  of  the  surrounding  water.  By  this  means 
the  water  enters  the  pump,  opening  both  valves,  and  finally 
stands  on  a  level  within  and  without. 

Now  draw  up  the  piston  to  the  surface  A.  It  must  lift 
up  the  water  which  is  above  it  (because  the  valve  in  the 
piston  remains  shut  by  its  own  weight)  ;  so  that  its  sur&ce 
will  now  be  at  a,  A  a  being  made  equal  to  AF.  In  the 
meantime,  the  pressure  of  the  surrounding  water  forces  it 
into  the  working  barrel,  through  the  valve  G ;  and  the 
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banel  is  now  filled  with  water.    Now,  let  the  pnlon  be 
pushed  down  again ;  the  valve.  G  immediately  shuts  by  ita 
own  weight,  and  in  opposition  to  the  endeavours  whidi  the 
water  in  the  barrel  makes  to  escape  this  way.     This  at- 
tempt to  compress  the  water  in  the  barrel  causes  h  to  open 
the  valve  F  in  the  piston ;  or  rather,  this  valve  yields  to 
our  endeavour  to  pudi  the  piston  down  through  the  water 
in  the  working  baorrel.     By  this  means  we  get  the  pis- 
ton to  the  bottom  of  the  barrel ;  and  it  has  now  above 
it  the  whole  luUar  of  water  reaching  to  the  hdg^t  a.  Draw- 
ing up  the  piston  to  the  surface  A  a  second  time,  must  lift 
this  double  column  along  with  it,  and  its  suifine  now  will 
be  at  i.     The  piston  may  again  be  thrust  down  through 
the  winter  in  the  barrel,  and  agun  drawn  up  to  the  sur&ce, 
whicli  will  riuse  the  water  to  c.    Another  repetition  wilt 
iraise  it  to  d ;  and  it  will  now  show  itself  at  the  int»ided 
place  of  ddiveiy.     Another  repetition  will  raise  it  to^; 
imd  while  the  piston  is  now  descending  to  make  another 
stroke,  the  water  in  ed  will  be  running  off  through  the 
9pout  D  ;  and  thus  a  stream  will  be  produced,  in  some  de- 
gree continual,  but  very  unequal.    This  is  inconvenient  in 
many  cases :  thus,  in  a  pump  for  domestic  uses,  such  a 
hobbling  stream  would  make  it  very  troublesome  to  fill  a 
bucket.     It  is  therefore  usual  to  terminate  the  main  by  a 
cistern  LMNO,  and  to  make  the  spout  small.    By  this 
pieans  the  water  brought  up  by  the  successive  strokes  of 
th^  pbton  rises  to  such  a  height  in  this  cistern,  as  to  pro- 
duce an  efflux  by  the  spout  nearly  equable.     The  smaller 
we  make  the  spout  D  the  more  equable  will  be  the  stream ; 
for  when  the  piston  brings  up  more  water  than  can  be  dis- 
<:harged  during  its  descent,  some  of  it  remains  in  the  cis- 
tern.   This,  added  to  the  supply  of  next  stroke,  makes^  the 
water  rise  higher  in  the  cistern  than  it  did  by  the  preced- 
ing stroke.     This  will  cause  the  efflux  to  be  quicker  dur- 
mg  the  descent  of  the  piston,  but  perhaps  not  yet  suffi- 
ciently quick  to  discharge  the  whole  supply.     It  therefore 
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rises  Ugfaernext  stroke ;  and  at  last  it  rises  sp  high,  that 
the  increased  Tekxaty  of  efflux  makes  the  discharge  predse^ 
ly  balance  the  supply.  Ncyw,  the  quanti^  supfdied  in  each 
stroke  is  the  sam^  and  occupies  the  same  room  in  the 
cistam  at  top :  and  the  suriGM^e  will  sink  the  same  number 
of  inches  during  the  descent  of  the  juston,  whether  that 
surface  has  been  high  or  low  at  the  beginning.  But  be* 
cause  the  velocities  of  the  efflux  are  as  the  square  roots  (^ 
the  heights  of  the  water  above  the  spout,  it  is  evident  that 
a  sink  of  two  or  three  inches  will  make  a  smaller  change 
in  the  velocity  of  efflux  whoi  this  height  and  velocity  are 
great  This  seems  but  a  trifling  observation ;  but  it  serves 
to  illustrate  a  thing  to  be  oonadered  afterwards,  whidi  is 
important  and  abstruse,  but  perfectly  similar  to  this. 

It  is  evident,  that  the  force  necessary  for  this  operation 
must  be  equal  to  the  weight  of  the  pillar  of  water  d  A  a  D, 
if  the  {upe  be  perpendicular.  If  the  pump  be  standing 
aslope,  the  pressure  which  is  to  be  balanced  is  still  equal  to 
the  weight  of  a  pillar  of  water  of  this  perpendicular  height, 
and  having  the  surfiice  of  the  piston  for  its  base. 

Such  is  the  aun{Mest,  and,  we  may  add,  by  far  the  best, 
form  of  the  forcing  and  lifting  pumps ;  but  it  is  not  the 
most  usual.  Cirucmstances  of  convenience,  economy,  and 
more  frequently  of  fsncy  and  halnt,  have  caused  the  pump- 
makers  to  deviate  greatly  from  thb  form.  It  is  not  usual 
to  have  the  working-barrel  in  the  water ;  this,  especially  in 
deep  wells,  makes  it  of  difficult  access  for  rcpiurs,  and  re- 
quires long  piston-rods.  This  would  not  do  in  a  forcing 
pump,  because  they  would  bend. 

We  have  supposed,  in  our  acdount  of  the  Kfting^pump, 
that  the  rise  of  the  piston  always  terminated  at  the  surface 
of  the  witer  in  the  cistern.  This  we  did  in  order  that  the 
barrel  might  always  be  filled  by  the  pressure  of  the  sur- 
rounding water.  But  let  us  suppose  that  the  rise  of  the 
jnston  does  not  end  here,  and  that  it  is  gradually  drawn  up 
to  the  very  top :  it  is  plain  that  the  pressure  of  the  atmo- 
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sphere  U  liy  this  means  taken  oil'  from  the  valaia.llic  ^f^ 
(see  Pneumatics),  while  it  remains  pressing  on  thi 
of  the  cietem.  It  wiU  therefore  cause  the  water  tu  fuUav 
the  piston  m  it  rises  through  the  pipe,  and  it  inU  rsix  it 
in  this  w(ty  3J  feet  at  a  medium.  If,  therefore,  the  fponl 
D  18  not  more  than  33  feet  above  the  surlace  of  the  wits 
in  the  cistern,  the  pipe  nill  he  full  of  water  when  the  pik 
ton  is  at  D.  Let  it  be  pushed  down  to  tlie  bottom  i  tfal 
water  will  remain  in  the  pipe,  because  the  valve  G  will  diiilj. 
and  thus  we  may  give  the  piston  a  stroke  of  anr  Jeoji^ti  oat 
exceetUng  33  feet.  If  we  raise  it  lugher  than  tbij,  the 
water  will  not  follow ;  but  it  will  remain  in  the  ppe,  to  be 
lifted  by  the  piston,  after  it  has  been  pushed  down  dmnigb 
it  to  the  bottom. 

But  it  is  not  necessary,  and  would  be  very  iuconveiuea^ 
to  give  the  piston  so  long  a  stroke.  The  great  use  of  i 
pump  ig  to  render  elfectual  the  reciprocation  of  a  sbnt 
stroke  which  we  can  command,  white  such  a  long  lUoke  it 
generally  out  of  our  power.  Suppose  that  the  piston  ii 
pushed  down  only  to  b,  it  will  then  have  a  column  b^in- 
eumbent  on  it,  and  it  will  lift  this  oolunn  when  agiin  dmm 
up.  And  this  operation  may  be  ic^teated  like  Ae  fbaoer, 
when  the  piston  was  always  under  water ;  £jr  the  fnmm 
fif  the  atmosphere  will  always  cautt  the  water,  to  follow  tht 
{HstoD  to  the  height  of  S3  feet. 

Nor  is  it  necessary  that  the  fixed  valve  O  be  i^Mcd  at 
the  lower  orifice  of  the  pipe,  nor  even  tinder  water.  For, 
whilethinga  are  in  the  state  now  described,  the  piston 
drawn  up  to  /,  and  the  yrhate  jnpe  ftiU  of  walor ;  if  we 
suppose  another  valve  placed:  at  6.ahore  tbe  auc&oe  of  the 
cistern,  tlus  valve  can  do  no  hami.  Now, let  the|Matond9« 
Boend,  both  valves  G  and  b  will  shut  G  may. mm  be  r6. 
moved,  and  the  water  will  remain  su^ifKirted  in  tbe  space 
i  G  by  the  air ;  and  now  the  alternate  jmottooK  of  the  jpiir 
ton  will  produce  the  same  e&ct«a  befiire.  .. ,  ^  . 
We  found  m  the  foruwr  cm*  ttwt  t^K  fiatofK^^furjiag 
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a  lotd  eqod  to  the  Wright  of  a  pilar  of  waier  of  the  hei^ 
AD,  becaose  the  Banounding  water  could  onij  rapport  it 
at  its  own  level.  Let  us  see  what  diange  ib  produced  by 
tiie  assistanoe  of  the  pressure  of  the  atmosphere.  Let  the 
under  surface  of  the  piston  be  at  6  ;  when  the  piston  watf 
at/,  S3  feet  abore  the  surface  of  the  cistern,  the  water  was 
ndsed  to  that  height  by  the  pressure  of  the  atmosphere. 
Suppose  a  pertitioD  made  at  fr  by  a  thin  plate,  and  all  the 
water  above  it  taken  away.  Now  pierce  a  hole  in  this 
plate.  The  pressure  of  the  atmosphere  was  able  to  carry 
llie  whole  column/o.  Part  of  this  column  is  now  remov- 
ed, and  the  remainder  is  not  a  balance  for  the  air's  pressure. 
Tins  will  therefore  cause  the  water  to  spout  up  through 
this  hole  and  rise  to^  Therefore  the  under  surface  of  this 
plate  is  pressed  up  by  the  contiguous  water  with  a  force 
equal  to  the  weight  of  that  pillar  of  water  which  it  former- 
ly supported ;  that  is,  with  a  force  equal  to  the  weight  of 
llie  pilar yb.  Now,  the  under  surface  of  the  piston,  when 
at  &,'is  in  the  same  situation.  It  is  pressed  upwards  by 
die  water  below  it,  with  a  force  equal  to  the  wdght  of  the 
column /fr:  but  it  is  pressed  downwards  by  the  whole 
pressure  of  the  atmosphere,  which  presses  on  all  bodies; 
that  is,  {'mth  the  woght  of  the  pillar /a.  On  the  whde, 
therefore,  it  is  pressed  downwards  by  a  force  equal  to  the 
difPerence  of  the  weights  of  the  jnllars/a  mAfh ;  that  is, 
by  a  force  equal  to  the  wogfat  of  the  jnllar  b  a. 

It  may  be  conceived  better  perhaps  in  this  way.  When 
die  pston  was  under  the  surface  of  the  water  in  the  dstem, 
it  was  equally  pressed  on  both  rides,  both  by  the  water  and 
atmosphere.  The  atmosphere  exerted  its  pressure  on  it 
by  the  intervention  of  the  water  ;  whidi  bemg,  to  all  sense, 
a  perfect  fluid,  propagates  every  external  pressure  undi- 
minished. When  the  piston  is  drawn  up  above  the  sur- 
fiwe  of  the  jnt-water,  the  atmosphere  continues  to  press  on 
its  upper  surfiKe  with  its  whole  weight,  through  the  inters 
vention  of  the  water  which  lies  above  it ;  and  its  pressure 
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edBDiphiw  en  ks  Mppcf  .«iifiwe<f  wte<fcbj<t  h^  h$. 
ijlifpwparoon  the  inideg  miiteeen^w-Trn/  'Mif't'^-v?  r,v.«v{ 

Jb  eMmpting  thenArt  to  (beft^ 
to  eunnouiit  tUi  nelpriawwijl  periMCHle  yi1ulnetfA»<it 
MotphoEe,  end  abo  the  weight  of  ithe  nMcrivfakkMdi 
above  the  pistmi,  and  must  be  lifted  bf  it :  and  thus  the 
wbok  ofqposiDg  preisure  is  the  same  aabefore,  nameiy»  the 
weight  of  ibe  whole  vertical  fullar  reaching' -firoin  the  sur- 
fiuse  of  the  water  in  the  cUtem  to  the,  pkee  of  de&veiy. 
Part  of  thk  weight  k  immediately  earned  fay  the  ptessuiw 
of  the  atmosphere ;  but^  in  lieu  of  it,  thoe  k  an  equal 
part  of  thk  prespure  of  the  atmosphere  abstiMted  from  the 
under  surface  of  the  piston,  while  its  upper  auxfiwe  austainar 
its  whole  piessute. 

So  far^  then,  these  two  states  of  the  pump  ^greCd«  Huh) 
they  dKflhr  eicee£i^y  in  thar  mode  of  operation ;  mA 
there  are  some  dfcumstances  not  very  obvious  wImcIi  most 
be  attended  to,  in  older  that  the  pump  miqf  ddiver  any" 
water  at  the  ^out.D.  Thk  requires,,  therefiire^  a  serious 
examination* 

Let  the  fixed  valve  G  (iFig.  4)  be-  suiqDosedat  the  sufr> 
face  of  thc)  ostem  water.  I^et  Mes^be  the  lewest^^alld• 
N  n  the  h\|^eai)  ^^twna  of  the  ptston,  and  let  HA^sA  be 
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the  height  of  a  eotumii  df  w«t«r  equipcmdeniiit  with  Ae  m* 
mosfhere. 

When  the  pump  is  filled,  not  with  water  but  with  air, 
aiid  the  fnston  is  m  its  lowest  position,  and  all  in  equilibrio^ 
the  intenial  air  has  the  same  density  and  dasticity  with  the* 
external.  The  space  MA  am,  therefore,  oontains  air  of 
the  oommon  density  and  dasticity.  These  may  be  mea* 
sured  by  A,  or  the  weight  of  a  column  of  water  whose 
bright  is  k.  Now,  let  the  piston  be  drawn  up  to  N  til 
The  air  which  oocuped  the  space  MA  a  m  How  occupies 

the  space  NA an,  and  its  density  is  now ^j^r^ .     Its 

elasticity  is  now  diminidied,  being  proportionable  to  its 
denaty  (see  PMEtiMATics),  and  no  longer  balances  the 
pressure  of  the  atmosphere.  The  valve  G  will  therefore  be 
forced  up  by  the  water,  whidi  will  rise  to  some  hdght  S  A. 
Now  let  the  piston  again  descend  to  M  m.  It  cannot  do 
this  irith  its  valve  shut ;  for,  when  it  comes  down  so  far  as 
to  reduce  the  air  again  to  its  common  den»ty,  it  is  not  yet 
at  M,  because  the  space  below  it  has  been  diminished  by 
the  water  which  got  into  the  pipe,  and  is  retained  there  by 
the  valve  6.  The  piston  valve  therefore  opens  by  the  air 
which  we  thus  attempt  to  compress,  and  the  superfluous 
ur  escapes.  When  the  piston  has  got  to  M,  the  air  is 
again  of  the  common  density,and  occupies  the  space  TASsm. 
Now  draw  the  piston  up  to  N.  This  air  will  expand  into 
the  space  NS^n,  and  its  density  will  be  reduced  to 
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=^g —  ,  and  its  elastidty  will  no  longer  balance  the  pres- 
sure of  the  atmos[Aere,  and  more  water  will  enter,  and  it 
will  rise  higher.  This  will  go  on  continually.  But  it  may 
hai^pen  that  the  water  will  never  rise  so  high  as  to  reach 
the  piston,  even  though  not  83  feet  above  the  water  in  the 
dstem :  for  the  successive  diminutions  of  density  and  ela^ 
tidty  Hre  a  series  of  quantities  that  decrealie  geometrically. 


and  therefore  will  have  a  limit  Let  us  aee  what  detev- 
mines  this  limit. 

At  whatever  h^ht  the  water  stands  in  the  lower  part  of 
the  pipe,  the  weight  of  the  column  of  water  SAat,  toge- 
ther with  the  remaimng  elasticity  of  the  air  above  ii|  eif 
actly  balances  the  pressure  of  the  atmosphere  (see  Piixu- 
XATXcs).    Now  the  elasticity  of  the  air  in  the  wpmee  NS  s  n 

is  equal  to  &  x  -^^^ .    Therefore,  in  the  case  where  the 

limit  obtains,  and  the  water  rises  no  farther,  we  must  have 
h  =  AS  +  h-TfB ^f  or  because  the  column  is  of  the  same 

^Gameter  throughout,  h  =  AS  +  h  -^jg-  and  -to-  h  = 

A  —  AS,  =:HS,  andNS:MS  =  HA:HS,  and  NS  — 
MS:NS=  HA—HS  :  HA,  or  NM:NS  =  AS:AH, 
and  NM  X  AH  =  NS  X  AS.— Therefore,  if  AN,  the  die* 
tance  of  the  piston  in  its  highest  position  from  the  water  in 
the  cistern,  and  NM  the  length  of  its  stroke,  be  given, 
there  is  a  certain  determined  height  AS  to  which  the  wa- 
ter can  be  raised  by  the  pressure  of  the  air :  for  AH  is  a 
constant  quantity ;  and  therefore  when  MN  is  ^ven,  the 
rectangle  ASxSN  is  given.  If  this  height  AS  be  less  than 
that  of  the  piston  in  its  lowest  position,  the  pump  will  raise 
no  water,  although  AN  may  be  less  tlian  AH.  Yet  the 
same  pump  will  raise  water  very  effectually,  if  it  be  first  of 
all  filled  with  water ;  and  we  have  seen  professional  engi- 
neers much  puzzled  by  this  capricious  failure  of  their 
pumps.  A  little  knowledge  of  the  principles  would  have 
prevented  their  disappointment. 

To  insure  the  delivery  of  water  by  the  pump,  the  stroke 
must  be  such  that  the  rectangle  MNxAH  may  be  greats 
than  any  rectangle  that  can  be  made  of  the  parts  AN,  that 
is,  greater  than  the  square  of  half  AN.  Or,  if  the  length 
of  the  stroke  be  already  fixed  by  otlier  circumstances, 
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which  10  «  common  caie,  we  mutt  make  AN  so  abort  thai 
dbe  square  of  its  half,  measured  in  feet,  shall  be  less  than 
88  times  the  stroke  of  the  piston. 

'8ttp{k)8e  that  the  fixed  Tdlve,  instead  of  being  at  the  sur- 
fine  of  the  water  in  the  cistern,  is  at  8,  or  anywhere  be- 
twem  S  and  A,  the  perfcmnance  of  the  pump  will  be  the 
same  as  before:  but  if  it  be  placed  anywhere  above  S,  it 
will  be  very  different  Let  it  be  at  T.  It  is  plain  that 
when  the  juston  is  pushed  down  from  N  to  M,  the  valve  at 
T  prevents  any  air  from  getting  down ;  and  therefore, 
whea  the  piston  is  drawn  up  again,  the  air  contained  in 
the  q^ace  MTtm  will  expand  into  the  space  NT  ^n,  and 

its  dendty  will  be  frfp*    This  is  less  than  -jj^-f    wWch 

expresses  the  dennty  of  the  air  which  was  left  in  the  space 
TS  ff  f  by  the  former  operations.— The  air,  therefore,  in 
TS  s  #  will  also  expand,  will  open  the  valve^  and  now  the 
water  vnll  rise  above  S.    The  proportion  of  NS  to  NT 
may  evidently  be  such  that  the  water  will  even  get  above 
the  valve  T.     This  diminishes  the  space  NT^n;  and 
therefinre,  when  the  piston  has  been  pushed  down  to  M, 
and  again  drawn  up  to  N,  the  air  will  be  still  more  rare- 
fied, and  the  water  will  rise  still  higher.     The  finregmng 
reasoning,  however,  is  suflSdent  to  show  that  there  may  still 
be  a  height  whidi  the  water  will  not  pass,  and  that  this 
height  depends  on  the  proportion  between  the  stroke  of  the 
|Mtcm  and  its  dUstance  firom  the  water  in  the  cistern.    We 
need  not  give  the  determination,  because  it  will  come  in 
afterwards  in  combination  with  other  drcumstances.     It  is 
enough  that  the  reader  sees  the  physical  causes  of  tins  li- 
niitation :  and,  lastly,  we  see  plainly  that  the  utmost  secu- 
rity vrill  be  g^ven  for  the  performance  of  the  pump^  when  the 
fixed  valve  is  so  jdaced  that  the  jnston,  when  in  its  lowest 
poaition,  shall  cxmie  into  contact  with  it.    In  thb  case,  the 
rarefiiction  of  the  air  will  be  the  oompletest  possible ;  and 
if  there  were  no  space  left  between  the  piston  and  valve, 
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and  all  were  perfectly  air-tight,  the  raiefoction  would  be 
complete,  and  the  valve  nught  be  any  thing  le»  than  83 
feet  from  the  surface  of  the  water  in  the  datem. 

But  this  perfect  contact  and  tightness  is  unattainable ; 
and  though  the  pump  may  be  full  of  water,  its  ooDtmual 
downward  pressure  causes  it  to  filtrate  slowly  through 
every  crevice,  and  the  air  enters  through  eveiy  pore,  and 
even  disengages  itself  from  the  water,  with  which  a  consi- 
derable pordon  had  been  chemically  combined.      The 
pump  by  this  means  loses  water,  and  it  requires  several 
strokes  of  brisk  working  to  fill  it  again :  and  if  the  leathers 
have  become  dry,  so  much  admission  may  be  given  to  the 
air,  that  the  pump  will  not  fill  itself  with  water  by  any 
workififf.    It  is  then  necessary  to  pour  water  into  it,  wUch 
shuts  up  these  passages,  and  soon  sets  all  to  rights  again. 
For  these  reasons,  it  is  always  prudent  to  place  the  fixed 
valve  as  low  as  other  circuknstances  will  permit,  and  to 
make  the  piston-rod  of  such  a  length,  that  when  it  h  at  the 
bottom  of  its  stroke  it  shall  be  almost  in  contact  with  the 
valve.     When  we  are  not  limited  by  other  circumstances, 
it  is  evident  that  the  best  possible  form  is  to  have  both  the 
piston  and  the  fixed  valve  undei*  the  surface  of  the  water 
of  the  cistern.     In  this  situation  they  are  always  wet  and 
air-tight.     The  chief  objection  is,  that  by  this  disposition 
they  are  not  easily  come  at  when  needing  repair.     This  is 
a  material  objection  in  deep  mines.     In  such  situations, 
therefore,  we  must  make  the  best  compensation  of  different 
circumstances  that  we  can.     It  is  usual  to  place  the  fixed 
valve  at  a  moderate  distance  from  the  surface  of  the  water, 
and  to  have  a  hole  in  the  side  of  the  pipe,  by  which  it  may 
be  got  out.     This  is  carefully  shut  up  by  a  plate  firmly 
screwed  on,   with  leather  or  cement  between  the  parts. 
This  is  called  the  clack  door.     It  would,  in  every  case,  be 
very  proper  to  have  a  fixed  valve  in  the  lower  end  of  the 
pipe.     This  would  combine  all  advantages.     Being  alway> 
tight,  the  pipe  w«u\d  i^tavu  the  water,  and  it  would  leave 
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to  the  Talve  abore  it  its  fuU  effect  of  inctaifing  tfafe  nre- 
ActiGn.  A  amilar  hak  is  made  in  the  wiirkiiig  barrel,  a 
littfe  above  the  highest  podtbii  of  the  pistom  Whea  this 
needs  xepair,  it  am  be  got  at  through  this  hole,  without 
the  immense  titmble  of  diiawiog  up  die  lirfaole  rods; 

Thus  we  have  oonducted  the  lieader,  step  l^  step,  firam 
diieampliest  tana  of  the  pump  to  that  iriiieh  long  experi* 
enoe  has  at  last  selected  as  the  most  generally  conTenient 
This  we  shall  now  describe  in  some  detaiL 

The  SuckinguPump  consists  of  two  pipes  DCCI^ 
BAAB  (Fig.  5.),  of  which  the  former  is  called  thBBarrOi 
orthe  WMcing-Barrdf  and  the  other  is  called  the  jSWc^ioN^ 
JPipe,  and  is  commonly  of  a  smaller  diameter.-*-These  at« 
joihed  by  means  of  stanches  B,  F,  pierced  with  holes  to 
reoeiTe  screwed  bolts.  A  ring  of  leather,  pr  of  lead,  o»- 
veted  with  a  proper  cement^  is  put  between  them ;  wUeb^ 
being  strcmgly  compressed  by  the  screw.bdlt^  tenders  tlie 
joint  perfectly  air-tigfat.  The  lower  end  A  bf  the  suistk»- 
pipe  is  oommonJy  spread  out  a  little  to  facilitate  the  entrf 
at  the  water,  and  frequently  has  a  grating  across  it  at  AA 
to  keep  out  fllth  or  gravel.  This  is  immerged  in  the  stand- 
ing water  YZ.  The  working4MurreI  is  cylindrical,  is  eveHk 
ly  and  smoothly  bored  as  possible,  that  the  piston  may  fill 
it  etacdy  through  its  whole  length,  and  move  aldrig  it 
with  as  little  friction  as  may  be  conristent  with  air-tig^i- 


The  piston  is  a  sort  of  truncated  cone  OPKLy  generally 
made  of  wood  not  apt  to  split,  such  as  elm  or  becdk  The 
small  end  of  it  is  cut  off  at  the  rides,  so  as  to  fbnh  a.*tft 
of  arch  OQP,  by  which  it  is  ftsteued  to  the  iron  rdd  bt 
spear.  It  is  exhibited  m  different  poritions  in  FigS.  6i  % 
which  will  give  a  more  distinct  notion  of  it  than  taxj  6e^ 
scriptioD.  The  two  ends  of  the  eonical  part  maf  be  hoofted 
with  brass.  This  cone  has  its  Isgrger  end  itanoilnded  with 
a  ring  or  bend  of  strong  leather  fastened  vrith  nails,  cnr  hf 
a  oopper  hoop,  which  is  dritta  on  it  at  the  smaller  end 
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nCtiwicoiie;  Ihe  hatthm  fha.  bMmz  rnaH  IhtArUt 
Umloiimloam  tUcdoMM'dL  iMiidy  ivo-m  to  Mfartfual 

betMBMD  riiit*finB>^MidBiiwtidiiig<l(MwL  Xw 
I  or  jciiiit;4irili0  Mir  flBit«C.ifaii  hMid  mntkt«ade 
cloi%  hntr  not  — iii(l  or  gtiidiai?lngBtlMr,  (93«»««iiUl 

;«iijiiDihaim  an  icmUfioai  lfa»  wvil  flCilj 
ID  edges  irilLbe }  icjiiiend  cloie  fsgadiaibhj  1 

in  die  iMBid;  liii  by  no  meinnMiinrtiit 
- Aift?MiqplnMfani  he  gnat.  ■  1 
jMr  of 'IIm  piMip4flufan.  It 
en<i  df arte je  the  my  .porpoBe  whidbithejhtffninneiry 
MifeMK8ldniDg  lihe  fiston  aie^gfat ;  :ftv  jl  BiMM.the  IndMr 
sftt^imar  through  vary,  aooii  at  the  edge:  ofitkejoem^iendit 
•ehii-.vecni  the  weriungJaad;  Thie  wy-«ieii4MMMi 
^ride  ia  that  peit  which  ia  ocniinuaUjpeaiNMliiOferhftdia 
fiaton,  whBe  the  moath  lenumiB  of  jta.ongpialdiaBetarp 
.•end  it  becomes  impossifale  to  thrust  in  a  piston  whieh  shall 
eonidet^ly  fill  the  wom  part.  Now,  a  yecy  moderate  pies- 
.iure  is  sufficient  for  rendering  the  pump  perfectly  tig^t» 
.end  a  peoe  of  gfeve  leather  would  besuffident  for  this pur- 
posey  if  loose  or  detached  from  the  solid  cone ;  for  sup- 
poie  auch  a  loose  and  flexible,  but  impervious^  band  iof  lea^ 
Iher  put  round  the  piston,  and  put  into  the  band;  and  let 
it  even  be  supposed  that  the  cone  does  not  oompress.it  in 
the  smallest  dq;vee  to  iu  internal  surface.— Pour  a  little 
water  carefully  into  the  inside  of  tins  sort  of  cup  or  disb, 
it  will  cause  it  to  swell  out  a  little,  and  apply  itadfckiae  to 
tile  band  all  round,  and  even  adjust,  itself  to  all  its  ine- 
^pudities.  Let  us  suppose  it  to  touch  the  barrel  in  a  ni^ 
of  an  inch  Inoad  all  round;  We  can  easily  compute  the 
teee  with  which  it  is  piessed.  It  is  half  the  wdghtof  a 
eiog  of  water  an  iach  deep  and  an  inch  broad.  This  is  a 
trifle,  add-the  fiiction  ^m^ht'itm^  by  itnot  worth  rcgard- 
»C ;  yet  titt»  txiflii^  pitsnnne  is  auAeient  to^ 
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Mge  perfiBedy  unpenriooB,  even  by  the  most  eoormoiui  preB- 
wis  of  a  high  eokunn  of  incambent  water :  ibr  kt  ibiB 
premirebe  ever 'so  great,  tbe  pretaure  by  ulnoh  the  tafti. 
ther  adheres  to  the  barrel  always  exoeeda  it,  beeaiise  die 
incumbent  fluid  has  no  prqxmderaHng  pcmer  by  whioh  it 
can  foroe  its  way  between  them,  and  it  must  insinuate  it* 
-sdf  precisdy  so  £ur,  that  its  pressure  on  the  tnride  of  die 
leather  shall  still  exceed,  and  only  exceed^  the  pressure  by 
which  it  endeavours  to  insinuate  itself;  and  thus  die  pis- 
ton becomes  perfecdy  tight  with  the  smallest  posable  fine* 
tion.  This  reasoning  is  perhaps  too  refined  for  the  uttin- 
structed  artist,  and  probably  will  not  p^miade  fahn.  To 
such  we  would  recommend  an  examination  of  the  pstons 
and  Talves  contrived  and  executed  by  that  artist,  whose 
skill  tar  surpasses  our  highest  oonceptioas,  the  aU-wise 
Creator  of  this  world.  The  valves  which  diut  up  die  paa* 
-sages  of  the  veins,  and  this  in  places  where  an  extmfasa- 
tion  would  be  fi>lIowed  by:  instant  death,  are  cups  of  thin 
membrane,  which  adhere  to  the  ades  of  the'channdl  about 
half  way  round,  and  are  detached  in  the  rest  of  their  cia- 
eumference.  When  the  blood  comes  in  the  opposite  dirse- 
don^  it  pushes  the  membrane  aside,  and  has  a  passage  par* 
iecdy  free.  Bat  a  stagnatbn  of  modem  allows  the  tone  of 
the  muscular  (perhaps)  membrane,  to  restore  it  to  its  natm^l 
shape,  and  the  least  mciion  in  the  opposite  direction  catisss 
it  instandy  to  dap  close  to  the  odes  of  the  vein,  and  then 
no  pressure  whatever  dm  force  a  passage.  We  shall  recur 
to  this  agaxn,  when  describing  the  various  contrivances  of 
valves,  be  What  we  have  said  is  enough  for  snpportiBig 
our  directions  for  constructing  a  ti^t  piston.  Bnt  we 
oomimended  thick  and  strong  leadier,  while  our  pieauul 
soning  seems  to  render  thin  leather  preferable.  ?  If  the 
ther  be  thin^' tod  the  solid  {nsten  in  any  pinrtdoesiiotpaeBS 
it  gendy  to  the  barrd,  there  will  be  in  this  part  an  india- 
lanced  pressure  of  the  incuaadbent  column  of  water,  wUdi 
wouUrinstaady  Inirst  even  a  stioi^  leather  bag;  but  wken 
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Ui«  eoliil  piston,  cuvered  with  leather,  exaody  fiiHl  Ifaeblfr. 
t^  and  is  cveu  (ffcssed  a  little  to  it,  there  is  do  audi  aif 
4nd  now  that  part  of  the  leatliei^iand  wbtdi  rcacb*^ 
yodd  the  solid  pUton  periomii  its  office  iii  thetomfinuj 
'  jnonner-  We  do  not  heatate,  therelore,  to  noonaof 
tbiH  form  of  a  pUton,  which  is  the  mobt  oommon  and  a^ 
fJe  of  all,  as  preferabJet  when  well  executed,  tOBOyoftlHlt 
more  arUficiai,  aud  frequently  very  ingenious,  Goiutn» 
tioo3,  which  we  have  met  with  in  the  wurka  of  the  £m  e*^ 
^net'rB.  To  proceed,  then,  with  our  descri/iiioD  oftlM 
uicking'pump. 

At  tJie  j<Mung  of  the  working-barrel  with  the  antlica* 
pipe,  tliere  a  n  hole  11,  covered  wiUi  a  vnlre  opcoiitg  npr 
ward*.  This  bole  H  is  eiihcr  made  in  a  plate  which  nukct. 
a  part  of  the  suction-pipe,  being  cast  along  with  it,  ar  il  k, 
made  in  a  separate  plate.  This  last  is  the  most  convenie*!^ 
beiag  easily  removed  and  replaced.  Oifiercnt  views  at 
given  of  this  valve  in  Fig.  8,  9,  10.  The  diameter  £9. 
(Fig.  10.)  of  this  plate  is  the  same  with  that  of  the  iiiocbi 
ea,  and  it  lias  holes  corresponding  to  tlieui,  through  whii^ 
their  bolts  pass  wfaidi  keq>  all  together.  A  ni^  <£  tludt 
leather  NKL  is  applied  to  this  plate,  having  a  put  cut  oat 
between  N  and  L,  to  make  room  for  another  pece  of 
Strang  leather  NB  (Fig.  9.)  whiob  composes  the  valvft 
The  circular  part  of  this  valve  is  broadw  than  the  hole  in 
tiiB  middle  of  Fig.  10.  but  not  quite  so  broad  as  to  fill 
up  the  inside  of  the  ring  of  leather  OQF  of  this  Fig.  whidi 
is  the  same  with  GKI  of  Fig  10.  The  middle  cf  tlui 
Iwther  valve  is  sttvogthened  by  two  brass  (not  irm)  [4ata^ 
the  uppermost  of  which  is  seen  at  B  of  Fig;  9 :  the  ax  on 
its  imder  ude  is  a  little  smaller  than  the  hole  in  the  valve- 
plal^  that  itmay  go  freely  in ;  and  the  upper  plate  B  ii 
lai^  than  this  hole,  that  it  may  oompress  the  leather  to 
its  bnm  alt  round.  It  is  esidcot,  that  when  this  plate  widi 
ita  leatbers  is  put  faetween  ihs  yiiat  dandies,  and  all  is 
i  togcttier,  the  t^  of  leather  N  of  Fig.  9.  «iU  be 


.wnpressscd  l^wcM  tlie  plates^  and  foma  t(  binge;  qnivbiali 
tha  Tahra  cap  tura,  riang  and  £iUmg.  Tbeia^i^  (k^tam^ 
valre  listened  to  th^  ufpet  sidey  or  hroadeat  base  of  tlip 
piston.  This  description  aervas  for  both  valvea^  and  in  gc^ 
neral  for  most  valves  which  are  to  be fiofund  inany  parts  of 
apiunp. 

The  reacker  will  i^ow  understand,  without  fmy  repetkioo^ 
the  jnrocess  of  the  whole  operai&on  of  a  suddog-fHipipk  Tbt 
pbton  rarefies  the  air  in  the  Irorking-barrdi;  and  that  ill 
the  suction-pipe  expands  through  the  valye  into  the  barrid  < 
and  being  00  longer  a  balance  for  the  atmospheriie  pvetasiirG^ 
the  water  rises  into  the  suction-pipe;  aaother  stroke  of 
the  piston  produces  a  similar  e&ct,  and  thci  water  naes 
&rther,  but  by  a  smaller  step  than  by  the  preceding  strokes 
by  repealing,  the  strokes  of  the  piston,  the  water  gels  iiitb 
the  barrel;  and  when  the  piston  is  now  pushed  down 
through  it,  it  gets  above  the  piston,  and  must  now  be  lifih 
ed  up  to  any  height  The  suctioo^p^  is  oommoidy  oC 
smaller  size  than  the  working-barrel,  for  the  sake  o£  aoocMi* 
my.  It  b  not  necessaiy  that  it  be  so  wide :  but  it  ibajr  W| 
and  often  is,  made  too  smalL  It  should'  be  ef  sudii  aieMf 
that  the  pressure  of  the  atmosphere  may  be  ^letofiB  the 
barrel  with  water  as  fast  as  the  piston  risesw  If  a  ¥(»id4a 
left  below  the  piston,  it  is  evident  that  the  j^stoamidt  tla 
carrying  the  whole  weight  of  the  atmosphere,^  besfdes  A  A 
water  which  is  l^g  above  it  Nay,  if  the  ^pa  beiOhly  so 
wide,  that  the  barrel  shall  fiU  precisely  as  fast  as.  the  jistBia 
rises,  it  must  sustain  all  this  pressure.  The  suction^qgfe 
should  be  wider  than  this,  that  all  the  pressure  of  the  at- 
mosphere  whidb  exceeds  the  weight  of  the  piuar  in  (he  sue* 
tion*pipe  may  be  employed  in  pressing  it.  on  tlie  und^  sui^ 
face  of  the  piston,  and  thus  diminish  the  load.  It  cannot, 
be  made  too  wide ;  and  too  strict  an  economy  in  this  re- 
spect may  very  sensibly  diminish  the  pedbniianca^tf  tbb- 
pump,  and  more  than  defeat  its  own  purposa  Tlfis  & 
most  likdy  when  the  suction-pipe  is  long,  bedawife  therDlbcf 
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length  of  the  pillar  of  water  nearly  halanees  die  Wat's  piea- 
aoie,  and  leaTes  Tery  little  aoedoratiiig  fiaroe ;  so  diat  wa- 
ter  will  rifle  but  slowly  even  in  the  widest  pipe.  All  these 
things  will  be  made  the  subjects  of  oompotatiGii  afterwards. 

It  is  plain  that  there  will  be  limitations  to  the  rise  of  the 
water  in  the  suction-pipe,  nmilar  to  what  we  found  when 
the  whole  pump  was  an  uniform  cylinder.  Let  a  be  the 
hagfat.of  the  fixed  valye  above  the  water  in  the  cistern : 
let  B  and  i  be  the  spaces  in  cubic  measure  between  this 
valve  and  the  piston  in  its  highest  and  lowest  posftums, 
and  thetefore  express  the  bulks  of  the  air  which  may  occu- 
py these  spaces :  let  y  be  the  distance  between  the  fixed 
Talve  and  the  water  in  the  suction-jnpe,  when  it  has  attain* 
ed  its  greatest  height  by  the  rarefaction  of  the  mr  above  it : 
let  A  be  the  height  of  a  column  of  water  in  equilibrio^  with 
the  whole  pressure  of  the  atmosphere,  and  therefore  having 
its  weight  in  equilibrio  with  the  elasticity  of  common  air : 
and  let  ;r  be  the  height  of  the  column  whose  weight  ba- 
lances the  elasUcity  of  the  air  in  the  suction-pipe,  when 
rarefied  as  much  as  it  can  be  by  the  action  of  the  piston, 
the  water  standing  at  the  height  a — y. 

Then,  because  this  elasticity,  together  with  the  column 
0—^  in  the  suction-pipe,  must  balance  the  whole  pressure 
of  the  atmosphere,  (see  Pneumatics),  we  must  have 
*  =  *  +  «— y,  Bndy  =  a  +  X  —  A. 

When  the  piston  was  in  its  lowest  position,  the  bulk  of 
the  aur  between  it  and  the  fixed  valve  was  b.  Suppose 
the  valve  kept  shut,  and  the  piston  raised  to  its  highest 

position,  the  bulk  will  be  B,  and  its  density  -^,  and  iu 

clastidty,  or  the  height  of  the  column  whose  weight  will 

balance  it,  will   be  A  — .     If  the  air  in  the  suction-pipe 

be  denser  than  this,  and  consequently  more  elastic,  it  will 
lift  the  valve,  and  some  will  come  in  ;  therefore,  when  the 
pump  has  rarefied  \):ie  avi  Qi&  tawcK  ^;s  it  can^  so  that  none 
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doety  in  fivl,  conie  in,  the  elasticity  of  the  air  in  the  sue- 

tion-fnpe  fiNtfl  be  the  flame.    Therefiire  jrs=fc-g. 

b 

Wehady  =  a  +  «-P.&.    Therefinre  y  =« a  +  4 -g^ 

—  /•>  =  «  +  — g —  A,  =  a  —  — g —  A. 

Therefore  when  — ^—  A  is  less  than  a»  the  water  will 

a 

stop  before  it  readies  the  fixed  valve.    But  when  a  is  less 
than  — g—  A,  the  water  will  get  above  the'fixed  valve,  y 

becoming  n^ative. 

But  it  does  not  follow  that  the  water  will  reach  the  pa- 
Ion,  that  is,  will  rise  so  high  that  tfie  piston  will  pass 
through  it  in  its  descent  Things  now  come  into  the  aoa- 
dition  of  a  pump  of  uniform  dimensions  finom  top  to  bbt* 
tom ;  and  this  point  will  be  determined  by  what  was  said 
when  treating,  of  such  a  pump. 

There  is  another  icfsm  of  the  sucking  pump  which  is 
much  used  in  great  water-works,  and  is  df  equal  effleaoy 
with  the  one  now  described.  It  is  indeed  the  same  puibp 
in  an  inverted  poation.  It  is  represented  in  "^ig.  11. 
where  ABCD  is  the  working-barrel,  immersed,  with  its 
mouth  downwards,  in  the  water  of  the  cistern.  It  is  jdned 
by  means  of  flanches  to  the  rising  jnpe  or  MAIN. 

This  usually  conasts  of  two  parts.  The  first,  BEFC, 
is  bent  to  one  ode,  that  it  may  ^ve  room  for  the  iron  fiwnes 

TXYV,  which  carries  the  rod  NO  of  the  piston  M,  at- 
tached  to  the  traverses  RS,  TOY  of  this  frame.  Q^ 
other  part,  EGHF,  is  usually  of  a  less  diameter,  and  is 
continued  to  the  place  of  delivery.  The  piston  frame 
XTVY  hangs  by  the  rod  Z,  at  the  arm  <tf  a  lever  or 
working  beam,  not  brought  into  the  figure.  The  piston 
b  perforated  like  the  fi)rmer,  and  is  surrounded  like  it  with 
«  band  of  leather  in  form  of  a  taper-dish.     It  has  a  valve 
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below.    Th9  upper  ^ndrftbeworfd^^ 

with  a  brie,  covered  with  %  miTe  I^  ako'opnng  iqp- 

^tn^  ...       .  ^  t.,  '     •• 

."  Now  suppaie  tlus  appemiiw  Immeiiecl  into  Ae  dilem 
till  the  witer  is  4|boMri^  as  maifced^hf  j^  fi^e  1^3»  and 
the  piston  drawn  up-tili  it  (ouoh  the  ilii  of  die  binxeL 
Wlm.the  piston  is  ^Uow^  to  deseeiid  jj^^ita.^^w^^ 
toe  water  rises  up  throng  its  valva  S^  mm  iUs  tiie  faamL 
if'tha  piston  be  now  dmwn  up  by  ike-dwfnw  powoi  of 
Oie  ipaachixMBi;  ^ih  ^^hifh  if  is  coniie^jtfe^^  Jjf. 
niutSy  and  the  piston  pushes  the  wator  bdbee  it  tfaiough 
the  valTo  I  into  the  mun  pipe  £F6H«/  .  Whefrtfie  pistai 
Mj%BainIitdQini9.tbnvalia  I  shntfchyiinawss  nrfn^i  and 
dm jMisum  of  th0  watar^iwiiiiibBntt  on  il^nn^  thahwl 
iiiagiiabaWtfftheiBiUSy^  IkmmmgvfAMk 

pisim  pwbfa  thia  mlw  iittp  d^ 
Iho;  wmter^is  at  kpgth  ddnnnd  at  Ifta  pto^  osfiQini.    i 

This  pump  is  usually  calle^  tbq  lAftimg^fmfMfi;  paimpB 
the.simpl^Qf  aU  in  its  principle; and  opeDBlJon^  kneeds 
no^jfiltotber  wpbnalicNi. :.  and  we  proceed  to  ^taaStm. 

The  Foaicuw-Foifip^  represented  ia  Big.  19*  It  oocw 
rists  of  a  woriung  barrel  ABCD^  a  suction-pipe  CDEF^ 
and.a  mBJ».  or  rising,  p^ie.  This,  last  is.  uiaaUj^in  three 
JMDta.,  The  fot  GsUEl  nuiy  be  oensideiBd  aa.  guddiig 
part  of  the.^roriniig  bfux^>  and  is  ooaunonly  cast  in  one 
p^Qg  Tith^  iK.  The  seooiid  IKLM  is  joined  to  it  by 
flaniAe%lNft4fp]»ia>tbo  elbow  which  this^c  pipe  mustgoia- 
laUj  bar/^  Tba  third  LNOM  is  properly  the  bqpnniog 
of  the  0Min>  and.is  oontinued,  to  the  place  t^  delivery.  At 
the:  joint  UBL  there  is  a  hongiiig  mlye  or  dadc  &;  and 
thaosjs,  a  valve  R  on.  the  top  of  the  suctioiirpipe. 

'Xbe.iH^  FQTV  is  soUi^  and  is  fiBsten^  to  a  stout 
iron  rod  which  goes  through  it,,  and  is  fixed  by  a  key 
dsawn  tbnougb  its  end.  The  body  of  the  piston,  is  a  sprt 
of  doublo;Oinl^9  wideniiig:  from  the  middle  to.eacheody  and 
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b  ammi  with  Uro  bonds  of  very  strong  leathoT)  fitted  tm 
it  isBLiibei  maahec  ali^y  deaoihtB. 

The  opentiGii  of  this  pump  is  abqadantly  nmple<M^ 
When  the  postan  is  thryst  into  the  pump,  it  pushes  tfaenr 
before  it  ^^»»^  the  valve  S,  for  the  vaive  R  senaiBs 
shut  by  its  ovn.  weig;fat  Whm  it  has-  reached  naat  tkm 
bottoiDy  and  is  drasrn  up  again,  the  air  yAadi  fitted  the 
small  space  between  the  {nstoo  and  the  valve  B  how  ekr 
pands  into  the  barrel ;,  far  as  socm  sb  the  aor  be^s  to  iex- 
pand^  it  ceases  to  balance  the  pressure  of  the  atmospkese, 
which  therefore  shute  the  valve  S.  By  the  aapansioii  of 
the  air  in  the  barrel  the  equilibtiam  at  the  valve  R  is  de^ 
stroyed,  and  the  air  in  die  suctien^pipe  lifts  the  valve^ 
and  expands  into  the  barrel ;  consequently  it  cesses  to  bb 
a  balance  ibr  the  pressure  pf  the  at3noq)here,  and  the  water 
is  forced  into  the  suction-pipe.  Pushing  the  piston,  dowq 
again  forces  the  air  into  the.  barrel  throu^  the  valve  S,' 
the  valve  B  in  the  meantime  Glutting.  When'  the  pistoh  * 
is  again  drawn  up,  &8huts,  R  opens;  the  air  in  the  suctiook 
pipe  dilates  anew,  and'  the  water  rises  hi^er  in  it  Rv- 
peatiag  these  operations,  the  water  gets  at  last  into  tUer 
working  barrel,  and  is  foiled  int6  the  main  by  pushing  dpwb 
the  piston,  and  is  pushed  along  to  the  phoeof  delivery! 

The  opexalion  of  this  pump  is  theFefibre-twofo)d,  suek-' 
ing  and  fonsng.  In  the  first  operation,  the  same  foroS 
mnstbeemployedias  in  the  snckii^pump^  nam^,*afi)KXr 
equal,  to  tfieweightofacohmm  of  water  having  thesectMMS 
g£ the pistoa f<vits  base,  and  die  Eeightof iihe  pistdn  ab6«rf 
the  water.in  theciatera  fiir  itahcogfat  It  ipforthe  sflk»  ef^ 
this  part  of  the  operation,  that  the  upper  cone  is  added  tQ4 
the  piston.  The  air  and  water  would  pass  by  th^  sides  of 
the  lower  cone  while  the  piston  is  drawn*  up ;  but  the  lea- 
ther of  the  upper  cone  implies  tathe  surface  of  the  barrel^ 
and  prevents  this.  The  space  contained  between  the  banel 
and  the  valve  S  is  a  great  obstruction  to  this  part  xd  the. 
operation^  because  tins  air  cannot  be  raiefied  to  a  very 


great  degree.  For  tlus  reason,  the  ■uc:twiikfip»  wl  ■ 
forcing-pump  must  oot  be  made  long.  It  is  not  iadtei 
newsBOjy ;  for  by  placing  the  pump  a  few  feet  lomir,  tlic 
water  will  rise  into  it  witliout  difficulty,  and  tlw  kbout  of 
suction  is  as  mudi  diminished  as  tlmt  of  impuIaioD  a  io- 
rreaaed.  However,  an  intelligent  artist  will  aliraj's  endet- 
vour  to  make  this  space  between  the  valve  S  and  the  lovst 
place  of  the  piston  as  small  as  possible. 

The  power  employed  in  forcing  muat  evidently  cunDouDl 
the  pressure  of  the  whole  water  in  the  tisog  pipe,  and  (ia- 
dependent  of  what  is  necessary  for  giving  the  water  the  re- 
quired velocity,  so  that  the  proper  quantity  per  hour  may 
be  dehvered)  the  piston  has  to  withstand  a  force  oqual  u 
the  weight  of  8  column  of  water  haxnog  the  section  of  ibe 
piston  for  its  base,  and  the  perpendicular  altitude  uT  the 
place  of  dehvery  above  the  lower  surface  of  the  pistoa  lor 
Its  height^  It  is  quite  indifferent  in  this  respect  what  a 
the  diameter  of  the  rising  pipe  ;  because  the  pressure  at 
the  piston  depends  on  the  altitude  of  the  water  only,  inde- 
pcndcot  of  its  quantity.  Wc  sliali  even  see  thu  a  smsll 
risiiig  pipe  will  require  a  greater  force  to  coavej  the  valtr 
■long  it  to  any  given  height  or  distanoe. 

When  we  would  employ  a  pump  to  raiae  water  in  a 
crooked  pipe,  or  in  any  pipe  <^  moderate  '^'"n^nfio^^  6at 
form  of  pnmp,  or  aomething  equivalent,  must  be  used.  In 
bringing  up  great  quanbties  of  water  irom  minesi  ^  ^'"''^ 
moD  Bucking-pump  is  generally  employed,  as  xeally  the 
best  of  them  all :  but  it  is  the  most  ex^ienave,  becauK  it 
requires  the  pipe  to  be  perpendicular,  struct,  and  of 
great  dimensiooi,  that  it  may  contain  the  pisttm-rods.  But 
this  is  impracticable  when  the  jupe  is  crooked- 

If  the  forung-pump,  constructed  in  the  "mnner  now  de- 
scribed, be  tanployed,  we  cannot  use  forcers  with  kmg  rods. 
These  would  bend  when  pushed  down  by  their  further  ex- 
tremity. In  this  case,  it  is  usual  to  employ  only  a  sbcA 
and  8tiffiod,aiul  tohangit  byachaiotaodloadit  ntha 
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wdi^t  superior  to  the  weigbc  of  water  to  be  rnaed  by  it 
Tbe  madiiiieiy  therefore  is  employed,  not  m  forcing  the 
water  along  the  risfa^  jnpe,  but  in  raising  the  weight  wfaseh 
is  to  produce  this  effect  by  its  subsequent  descent 

In  this  cise^  it  would  be  mudi  better  to  employ  the 
lifting-pomp  of  Pig.  11.  For  as  the  load  on  the  forcers 
must  be  greater  than  the  reristances  whidi  it  must  sor- 
mount,  the  foroe  exerted  by  the  madune  must  in  like  man- 
ner be  greater  than  this  load.  This  double  excess  would 
be  araded  by  using  the  lifting-pump. 

It  will  readily  occur  to  the  reader  that  the  quantity  of 
water  delivered  by  any  pump  will  be  in  the  jdoit  propor- 
tion of  the  surface  or  base  of  the  piston  and  its  velodty ; 
for  this  measures  the  capaci^  of  that  part  of  tbe  working- 
barrel  which  the  fnston  passes  oyer.  The  velocity  of  the 
water  in  the  conduit-pipe,  and  in  its  passage  through  en^ 
▼alve,  will  be  greater  or  less  than  the  velocity  of  the  pis- 
ton in  the  same  proportion  that  the  area  of  the  jnston 
or  wcnrking-barrel  is  greater  or  less  than  the  area  of  the 
conduit  or  valve.  For  whatever  quantity  of  water  passes 
throu^  any  section  of  the  workingubarrel  in  a  second,  the 
same  quantity  must  go  through  any  one  of  these  passages. 
This  enables  us  to  modify  the  velocity  of  the  water  as  we 
please :  we  can  increase  it  to  any  degree  at  the  jdaoe  of 
ddivery  by  diminishing  the  aperture  through  which  it 
passes,  provided  weapply  sufficient  force  to  the  jnston* 

It  is  evident  that  the  operatimi  of  a  pump  is  by  starta, 
and  that  the  water  in  the  main  remains  at  rest,  pressing  on 
the  valve  during  the  time  that  the  piston  is  withdrawn 
from  the  bottom  of  the  working-barrel.  It  b  in  most  cases 
denrable  to  have  this  motion  equable,  and  in  some  castfs  it 
is  absolutely  necessary.  Thus,  in  the  engme  for  extin^ 
guidiing  fires,  the  spout  of  water  going  by  jerks  oouM 
never  be  directed  with  a  certain  aim,  and  half  of  the  water 
would  be  lost  by  the  way;  because  a  body  at  rest  cannot 
in  an  instadt  be  put  m  rapid  motion,  and  the  first  porti<m 


of  every  j«i  of  water  notdd  iiavc  hut  a  stnati  vthnHt  A 
very  ingemoue  coutrivKiice  bas  been  falben  upoa  fcra&rini. 
ing  ihia  mconvenicacet  and  procuring  a  stream  ncaiij  equa- 
ble. We  have  not  bees  able  lo  diecoYer  the  author.  At 
any  convenisnt  part  of  lUc  rising  pifa  beyi»id  the  valvt  S 
Ifaere  b  annexed  a  cnpncuiua  \-«sscl  YJS  (Fig-  1&  No  i  ad 
2.)  dose  atop,  wd  of  great  strength.  When  the  waltra 
lorccd  aloDg  this  pipe,  part  of  it  gets  into  tbia  xeael,  ktejv 
ing  the  air  confined  abore  it,  and  it  iills'  it  to  sueb  a  bet^ 
V,  that  the  ciastit^ity  of  the  coDfined  air  babuMec  a  coluuia 
•reaching  U>  T,  we  shall  supi>ose,  in  the  risii^  pipt.  The 
next  stroke  of  the  piston  sends  forward  more  wsta,  which 
would  fill  the  rising  pipe  to  some  height  above  T.  Butth* 
pressure  of  this  addilioDal  colaniu  causes  some  more  of  it 
to  go  into  the  nir  vessel,  and  compress  its  air  bo  nutth  toon 
iJiat  its  elasticity  aovf  balances  a  tongei  column.  Bveiy 
succeeding  fltroke  of  the  piston  produces  a  like  efiecL  Hie 
water  rises  higher  in  the  main  pipe,  but  some  more  of  it 
gotts  into  tii£  itiri-VGSsoi.  At  lost  the  water  €^pear-t  nt  the 
place  of  delivery  ;  and  tlic  lur  in  the  air-Tessd  is  now  50 
noch  oontfiresacd  tiuta  its  dastkilj  bnlMMoathapWBmcf 
t})«  whole  cohinm.  The  next  Miokq'  of -the  pmteo  msA 
6>RWiird  some  more  watov  If'  the  dianttar  d  tboMiice 
of  tbfl  maio  be  suffia>en*-tD  l«t  the  water  flow  eat  with  a 
lelooty  equal  to.thatof  tha  piston^ it  will  ad. flow  au^m^ 
ing  t)Q<  higher,  and  prodwang  no  sennU*  a^fitioatote 
(;QP»fveMoni  in  \im  lur-vnad.  But  ifi  titc  onfiee  sf  flie 
insiB  Ik  «QBtiia«led  to  halt  its  dinsraaioiM^  the  wattr  sot 
finmant  by  theipiston  oanaoi  flow  out  kt'the  timv  iS  (hir 
ntmbe  without  a>  greoto'Ttdaeity,  andthereftwragrGMH* 
iioa^  Sartof  it,  theaeforp,.  goes.intD.thewitMsself  wd' 
>P«»fl«e«  tiie  ooiipreffiicn.  When  tJiapistBa  haatededitv 
atroka,  ami  no.more:  water  oomes  fonrard,  thp  cwnpiminB 
(^the  sir  in  the  oir'Vessel  being  greaterthan  whUwassnt 
fioi^l  ta  balance' .the  prenure  of  the  water  nv  the  talis 
ptpa^aow  faro«oul  Bona  of  the  wst«  which  is  lyiligbelew 
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iL  ThiftpatanDi  idura  towards  the  pumm  'faecmve  dn 
valve  S  if  BOW.ahiKL  ;  It^tlierefofi^  gooB  fiarwardakmg.lfe 
nudm  and  produoes  «i  efflux  during  the  time  of  the  fittwi^ 
jqnngan  prder.to  inakie.eiiothfV'8troK&  In  ocder  that  thk 
efflux  majr  he  maty  eqmhtt»  the  air«^efiMDl  must  be  retf 
kl»ge»  If  it  be  4nMU^  the  quaatity  of  wliter  diat  b  die- 
clHfKged  byit'duringUie  retitm  ^  the.pston  aaakea  pa 
Ifreat  a  fxfftien?  of  itaeapadtj,  that  tfae  ehwtmtj  of  the 
cottfined  i|lr  ia  tqo  moeh  dmumshed  bj  this  enkrgenwnt  of 
its  bulk,  and  the  rate  of  efflux  must  dinunish  aeoordingly; 
The  capacity  «f  the  aivuTessel  should  be  so  great  that  the^ 
ehange  6f  bulk  of'tI»  compressed  air  duriag  the  ioaclxm  of 
the  pistMi  may  be  inooniBiderable.  It  must  therefore  be 
very  stmng.- 
Ii  b  pietly'indiffereiit  in  what  Way  this  ailPi>Tetsei  is  ooDb- 
aeeted  with  the  rising  pipe;  .  It  may  join  it  laterally^  as  lA 
Kg.  ISi  ^o  l.%and  the  main  pipe  goon  without  interrupb 
tion;  00  itmay  bemade  to  swro&nd  an  interruption  of 
the  main  pipe,  4tf  in  Fig*  IS,  No  S.  It  may  also  be  in  any 
part  of  the  aoain  pipe.  If  the  sole  eSkct  intended  by  it  is 
to  produce  an  equable  jet,  as  in  ornamental  water-works,  it 
may  be  near  the  end  of  the  main.  This  will  require  mudl 
less  sbength,  beeauie  there  remains  but  a  shcnt  column  of 
water  to  compress  the  air  in  it.  But  it  is,  oo  the  whole, 
more  advantageous  to  plaoeit  as  near  the  pump  as  possible^ 
that  it  may  pfoduce  an  equable  motion  in  the  whole  main 
pipe«  This  is  of  eonndemble  advantage ;  whenacoltrmn 
of  water  sev#nd  hundred  feet  long  is  at  rest  in  the  maia 
fiipe^  and  the  pbton  at  one  end  of  it  put  at  once  into  nw 
tion^  even  with  a  moderate  velocity,  the  strain  en  the  pipe 
would  be  very  great.  Indeed  if  it  were  possible  to  put  the 
piston  instantaneously  intd  motimi  with  a  finite  vdodty,  the 
strain  on  the  pipe,  tending  to  burst  it,  would  be  next  to  u^ 
finite.  But  this  seems  impossible  in  nature ;  alldiangesGf 
motioQ  wkkh  we  obierveBite  gravel,  beaiuse  all  impelliag 
boAes  have  stmle  elastioity  or  softness  by  which  they  yieU 
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ta  eompraMnon.  And,  in  the  way  in  which  jkbona  are 
fxunmcnly  moved,  mi.  by  cnuiks,  or  ammthing  analogoiis 
to  than,  the  niotion  18  iifiy  «flifi&iy  giraduaL  BntttiUthe 
eir-veaael  tends  to  make  the  modon  aiong  the  mnn-pipe 
less  desultory,  and  therefore  dimimthcs  those  strains  wUdi 
would  reslly  take  place  in  the  main  pipe.  It  acts  like  the 
springs  of  a  traveUingwcarriage,  whose  jolts  are  ineompar- 
ably  less  than  those  of  a  cart;  and  by  this  means  leidly 
toiables  a  given  force  to  propel  a  greater  quantity  of  water 
in  the  same  time. 

We  may  here  by  the  way  observe,  that  the  attempts  of 
mechanicians  to  correct  this  unequal  motion  of  the  piston- 
rod  are  misplaced,  and  if  it  could  be  done,  would  gjreatly 
hurt  a  pump.  One  of  the  best  methods  of  producing  this 
effect  b  to  make  the  piston-rod  consist  of  two  parallel  ban, 
having  teeth  in  the  ndes  which  front  each  other.  Let  a 
toothed  wheel  be  placed  between  them,  having  only  the 
half  of  its  circumference  furnished  with  teeth.  It  is  evi- 
dent, without  any  farther  description,  that  if  this  wheel  be 
turned  uniformly  round  its  axis,  the  piston-rod  will  be 
moved  uniformly  up  and  down  without  intermisnon.  This 
has  often  been  put  in  practice ;  but  the  machine  always 
went  by  jolts,  and  seldom  lasted  a  few  days.  Unskilled 
mechanicians  attributed  this  to  defect  in  the  execution  :  but 
the  fault  is  essentia],  and  lies  in  the  principle. 

The  machine  could  not  perform  one  stroke,  if  the  first 
mover  did  not  slacken  a  little,  or  the  different  parts  of  the 
machine  did  not  yield  by  bending  or  by  compres^on ;  and 
no  strength  of  materials  could  withstand  the  violence  of  the 
strains  at  every  reciprocation  of  the  motion.  This  is  chiefly 
experienced  in  great  works  which  are  put  in  motion  by  a 
water-wheel,  or  some  other  equal  power  exerted  on  the 
mass  of  matter  of  which  the  machine  consists.  The  water- 
wheel  being  of  great  weight,  moves  with  considerable 
steadiness  or  uniformity ;  and  when  an  additional  resist- 
ance is  opposed  to  it  by  the  beginning  of  a  new  stroke  of 
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die  piitoii,  its  great  qimiti^  of  motioD  is  but  Uttle  afibet- 
ed  Irf  dils  addition^  and  it  proceeds  irery  little  retaided; 
and  tbe  madune  must  either  yield  a  littk  by  bending  and 
oompression,  or  go  to  pieces,  whidi  is  the  commott  erent. 
Craidcs  are  firoe  fiom  this  inooov^bknoe,  because  they  ao- 
ederate  the  piston  '  gradually^  and  bring  it  gradually  to 
iBBty  while  the  water*wheel  moTes  round  with  almost  peru 
feet  uniTormity.  The  only  inconvenience  (and  it  may  be 
considerable)  attending  this  slow  motion  of  the  piston  at 
the  beg^ning  of  its  stroke  is,  that  the  valves  do  not  shot 
with  rapidity,  so  that  some  water  gets  bade  through  Aem* 
But  when  they  are  properly  formed  and  loaded,  this  is  but 
trifling. 

We  must  not  imagine,  that  because  the  stream  produced 
by  the  assistance  of  an  idr-barrel  is  almost  perfectly  equft- 
ble,  and  because  as  much  water  runs  out  during  the  r»> 
turning  of  the  piston  as  during  its  active  stroke,  it  there- 
fore doubles  the  quantity  of  water.  No  more  water  can 
run  out  than  what  is  sent  forward  by  the  piston  during  its 
effective  strdee.  The  conUnued  stream  is  produced  only 
by  preventing  the*  whole  of  this  water  from  being  di^ 
diarged  durii^  this  time,  and  by  providing  a  propelling 
fecce  to  act  during  the  piston's  return.  Nor  does  it  enable 
the  moving  force  of  tbe  piston  to  fModuce  a  double  eflEeet: 
for  the  compression  which  is  produced  in  the  air-vesad, 
more  than  what  is  necessary  for  merely  balancing  tbe 
quiescent  column  of  water,  reacts  on  the  pbtcm,  resisting 
its  compression  just  as  much  as  the  odumn  of  water  would 
do  which  produces  a  vdodty  equd.  to  that  of  tbe  efflux. 
Thus  if  the  water  is  made  to  spout  with  the  vdocity.  of 
dght  feet  per  second,  this  would  require  an  additipod  co- 
lumn of  one  foot  high,  and  this  would  just  balance  the 
oompreasbn  in  the  air-vessd,  which  mdntains  this  velod^ 
during  the  non^action  of  the  pbton.  It  is,  however^  a 
matterof  fact,  that,  a  pump  furnished  with  an  air-vessd  da- 
liwfs  a  little  more  water  ttian  it  would  do  irithottt  it   But 


the  difference  depends  oii  the  combination  i 
(Usaimilar  arcumstances,  which  it  is  i 
bmg  into  calculation^     Some  of  these  will 
afterwards. 

To  describe,  or  even  to  enumctale,  the  immense  mi^ 
of  combinstions  of  these  three  nm^de' pumps  muld  £lti 
Toiume.  We  shall  select  a  few,  which  axe  mere  datnag 
of  notice. 

I.  The  common  sucking-pump  may,  by  n  situtll  adi 
tion,  be  converted  into  a  11  fling-pump,  fitted  Ibr  jaropeliing 
the  water  to  any  distance  and  with  any  velocity. 

Fig.  14.  is  a  Sucking-pump,  whose  wnrking-harrel 
ACDB  has  a  latend  jriiJC  AEGIIF  connected  with  it  do* 
b>  the  top.  This  terminates  in  a  ttiain  or  rising  pipe  IK. 
furnished  or  not  with  a  valve  L.  The  top  of  the  barrel  is 
ahm  up  by  a  strong  plate  MN,  having  a  hollow  neck  ler- 
oiinating  in  a  small  flanch.  The  piston  rod  QH  passa 
through  this  neck,  and  is  nicely  lumed  and  polished.  A 
number  of  rings  of  leather  are  put  over  the  rod,  and 
Btrongiv  compressed  round  it  by  another  llanch  and  several 
screwed  bolts,  as  is  represented  at  OP.  By  diis  conlriT- 
^nce  the  rod  is  closely  grasped  by  the  leathers,  but  may  be 
easily  drawn  up  and  down,  while  all  paasage  o€  air  «  vBp 
tec  ia  effectually  prevented. 

.  The  piston  S  is  perforsted,  and  funushed  with  a  valve 
<q>ening  upwards.  There  is  also  a  valve  T  on  the  top  of 
,tbe  suction.[npe  YX ;  and  it  will  be  of  advantage,  tboif^ 
hot  absolutely  necessary,  to  put  a  valve  L  at  du  bottom  <]f 
the  rising  pipe.  Now. suppose  the  piston  at  the  bottoei  of 
tlie  working-barraL  When  it  is  drawn  up,  it  tends  to  ecu- 
press  th^  mr  above  it,  because  the  valve  in  the  |Hstoa  K- 
BHuns  shut  by  its  own  weight  The  air  therefcuv  is  drircB 
^UDugh  the  valve  L  into  the  tiang  pipe,  and  eacapes.  In 
ibe  meantime,  the  air  which  occupied  the  small  space  be- 
tween the  pistil  and  the  valvb  T  expands  into  the  upper 
{Mtft  of  t^  Working-barrel ;  and  ita  dastidty  is  so  mad 
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dhninisbed  thereby,  that  the  atmospbefe  pressM  the  wAt«c 
of  the  cistern  iolo  the  suctioD^inpe,  wheie  it  will  rite  till  w 
equiUbrium  is  agaio  produced.  The  next  downward  atrol^ 
of  the  fnstoa  oUows  the  air,  which  bad  come  from  the  bmo* 
tion-pipe  into  the  barrel  during  the  ascent  of  the  pistw,  Ip 
get  through  its  valve.  Upon  drawing  up  the  pii|tOD»  thiA 
air  is  also  drawn  off  through  the  riong-inpe.  iUpe^ng 
this  prooeas  brings  the  water  at  last  into  th^  workipg-i 
barrel,  and  it  is  then  driven  along  the  rising-pipe  by  tbe 
piston. 

This  is  one  of  the  best  forms  of  a  pump.  The  nirefap^ 
tion  may  be  very  perfect,  because  the  [nston  canbebrou^l 
so  near  to  the  bottom  <tf  the  working-barrel;  and,  Ibribrc- 
ing  water  in  oj^iosition  to  great  pressures,  it  appears  pre- 
ferable to  the  cotnmon  forcing*pump;  because  in  that  the 
piston-rods  are  compressed  and  exposed  to  biding,  wtiich 
greatly  hurts  the  pump  by  wearing  the  piston  and  barrel 
on  one  aide.  This  soon  renders  it  less  tight,  and  much 
water  squirts  out  by  die  sides  of  the  piston*  But  in  this 
pump  the  pistcHwrod  is  always  drewn  or  pulled,  which 
keeps  it  strttgbt ;  and  rods  exert  a  much  greater  force  JIH 
oppontion  to  a  pull  than  in  opposition  to  compressKNa* 
The  collar  of  leadber  round  the  [uston-rods  is  found  by  fair 
perience  to  need  very  little  repairs,  and  is  very  imptrviaiis 
to  water.  The  whole  is  very  accesableibr  repairs;  UDd 
in  this  reqpect  much  preferable  to  the  common  pump  in 
deep  mines,  where  every  fault  of  the  piston  obliges, us  to 
draw  up  some  hundred  feet  of  piston-rods.  By  this  addi- 
tion, too,  any  common  pump  £nr  the  service  of  a  house  ia 
converted  into  an  engine  for  extinguishing  fire,  or  may  be 
made  to  convey  the  water  to  every  part  of  the  house ;  aild 
this  without  hurting  or  obstructing  its  common  uses.  ^U 
that  is  necessary  is  to  have  a  large  cock  on  the  upper  part 
of  the  working-barrel  opposite  to  the  lateral  pipe  in  this 
figure.  This  cock  serves  for  a  spout  when  the  pump  is 
used  for  common  purposes ;  and  the  merely  shutting  this 
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llfe^  trffi^  Mi|jplyiiig  dhttBt^hMi  wMt%iier.*  MiMBw.' 
ly^lMelMiyibaiidy  tluft-fDr'  dtoteMviMlit*ilfll%»fH»>«' 

AfriWimpfiipei  IB  oratt  uMt*  At  0tfMM  of  tM'WMv  flMy' 

^  We'taiirei^pidttlf  ipolMof  adh  mUigm  cf  >  cp^ 
tiMwd  rtmat  in  Ihe  ladn  j^ 
■dhmw  wgvw  Of  iNuioraBCjr'WpfDaiion  vj  VBVi^ 
ofdii|MMiiigtlie  aetmit  of  die  HMSnmt  pomp^i  tatkki 
iMpjt  nkrijr  that  in  iwiiclliiip  'uporiwliiit  one  pniii|ii'  'Itt-iiraar 
l» aifabifa^goiife mftftiity  m  the  1 1 liitina,  Attiliii^ 
Mt^Ul  %o«|p{pond  ai^  dlioe  to  the  nfMit^  poMr,"^  In- 

Uh^  amfiDih  il  is  uMd  td  SmtSbaM^fb^  liioik  iMb  jpon- 
lidM  iiUeh  aaeend  dtemat^ ;  audi  thiib  bodidhnM 
tho  atnwip  aM  giw  graatar  trnfttmity  of  aatw^  ad  fio^ 
^MBuyattalila  A  oatuial  powei  whiolifWacaD  oottfDaiidy  to 
parform  a  piece  of  work,  whidi  would  be  imponible  if  the 
whole  reriatanoe  were  oppoeed  at  onoe.  In  all  pamp  ni»- 
chiiiea  theiefim  we  aie  obyioudy  dUr^ted  to  oonrtmct 
them  80  that  they  may.  give  motiion  to  at  least  two  pomps^ 
wUdi  work  alternately.  By  this  means  a  midi  greater 
UBifermity  of  current  is  produced  in'  the  main  pipe.  It 
wiD  be  rendered  still  mote  uniform  if  four  are  employed, 
snooeeiling  each  other  at  the  mterval  of  one  quarter  of  the 
tiBM  of  a  conqfriete  stroke 

But  ii^nious  men  hove  attempted  the  same  thing  with 
a  sfaigfe  pump,  and  many  difierent  constructions  fer  this  pur- 
pose have  been  proposed  and  executed.  The  thing  is  not 
of  much  importance,  nor  of  great  researeb.  We  shaD  con- 
tent ourselves  therefore  with  the  description  of  one  that  ap- 
pears to  us  the  most  perfect  both  'm  respect  of  simplicity 
and  cract. 

II.  It  oonsisU  of  a  worldng-barrel  AB  (Fig.  15.)  cdoee 
at  both  en^.    The  piston  C  is  solid,  and  the  rod  OP 
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pttset  through  A  ooUar  of  Ifiathert  in  the  plate,  wfai^ 
the  upper  end  of  the  workkig-bArreL  TUi  barrel  oo«h 
municatea  laterally  with  two  pipes  H,  K ;  the  cnminun^r 
catknu  ffi  and  II  being  aB  near  to  the  top  aod  bottom  of  tha 
barrel  as  posnUe.  Adjoining  to  the  passage  m  are  two 
'  valves  F  and  6  opening  upwards.  Similar  valves  aeoom« 
pany  the  pasfl^  «.  The  two  pipesH  and  K  unite  in  a 
larger  rising  pipe  L.  They  aie-  all  r^reseoted  as  in  .the 
same  plane;  but  the  upper  ends  must  be  be  sent  .backwanla» 
to  give  room  for  the  motion  of  the  piston-rod  OP« 

Suf^Mse  the  fMston  dose  to  the  entry  of  the  lateral  pipe 
fly  and  that  it  is  drawn  up,  it  oompvesses  the  air  above  it» 
and  drives  it  throughtbe  valve  G,  where  it  escapes  Akteg 
the  rising  pipe;  at  the  same  time  it  rarefies  the  air  in  the 
qpaoe  below  iu    Therefore  the  weight  of  the .  atmosphere 
shuts  the  valve  E,  and  causes  thewater  of  the  cistern  to 
rise  through  the  valve  D,  and  fill  the  lower  part  of  the 
pump.    When  the  piston  is  pushed  down  again,  this  water 
is  first  driven  through  the  valve  JE,  because  D  immediate- 
ly shuts ;  and  then  moat  of  the  akr  which  was  in  this  part 
of  the  pump  at  the  be^niung  goes  up  through  it,  some  of 
the  water  comii^  back  in  its  stead.     In  the  meantinie,  the 
air  whidi  remained  in  the  upper  part  of  the  pump  after  the 
ascent  of  the  piston  is  rarefied  by  its  deseent ;  because.the 
valve  G  shuts  as  soon  as  the  fitUm  hegm  to  descend,  the 
valve  F  opens,  the  air  in  this  soctkm-pipe  F^*  expands  in* 
to  the  barrel,  and  the  water  rises  into  the  pipes  by  the  prea* 
sure  of  the  atmosphere.     The  next  rise  of  the  piston  must 
bring  more  water  into  the  lower  part  of  the  barrel,  and 
must  drive  a  little  more  air  through  the  valve  G,  namely^ 
part  of  that  whk;h  had  come  out  of  the  suction-pipe  F^*; 
and  the  next  descent  of  the  jnston  must  drive  more  water 
into  the  riring  pipe  H,  and  along  with  it  most  if  not  all  of 
the  air  which  remained  below  the  piston,  and  must  rarefy 
still  more  the  air  remaining  above  the  piston ;  and  more 
water  will  come  in  through  the  pipe  F^  and  get  into  the 


bvivl.  It  is  Kvuknt  that  a  low  repeiilions  wiU  at  tM  0 
the  tianv)  on  botli  sides  of  the  piston  vrith  vratsr.  Whoi 
^HAiM  act^ixphsii^'  iliere  is  no  difficuhy  in  feimriag 
how,  at  every  rise  rA'  the  pfiton.  the  wiiter  of  the  aocm 
will  oDttifl  in  by  the  valve  D,  and  the  uater  in  tht  uffvt 
put  of  the  barrel  wiJl  be  driven  through  the  nlve  G; 
and,  in  evory  descent  of  the  pi«tnn,  the  water  of  tlie  diten 
will  come  into  the  barrel  by  the  valve  F,  and  the  watn  fao 
low  the  pieton  will  be  driven  through  the  valve  £  -,  asd 
thus  there  will  be  a  continual  influx  into  the  barrel  throu^ 
Iha  valves  D  and  F,  and  a  continual  discharjue  along  iJie 
riung  pipe  L  through  the  valves  E  and  G. 

This  machine  is,  to  be  sure,  equivalent  to  two  (ircJi:^- 
pumps,  although  it  has  but  one  barrel  and  one  pialoo ;  but 
it  haa  no  sari  of  superiority.     It  i»  not  even  more  eraoont-    ' 
cbI  in  inu»t  cases  ;  because  we  apfu-eheiid  that  the  idditNii)- 
al  workmanship  will  fully  compcasate  for   the  barrel  and 
piKton  that  is  saved.     There  is  indeed  a  saving  in  the  rt*    , 
of  the  madiinery,  because  one  lever  pruducrs  both  no-    \ 
tioDS.     We  cannot  therefore  say  that    it  is  inferior  ta  t«o 
jNimpa ;  and  we  wkoowledge  that  there  .ii  aotoe  ig^eoiu^ 
in  the  contrivanoe. 

We  rtcoMmeBd  to  our  readm  the  perusal  of  Be&doc*s 
JrMuetmre  HydrtmUqtitt  where  ia  (o  be  Ssund  a  ^eat  »■ 
riety  of  cotnbinatioas  And  ibrma  of  the  uii^>le  pumps ;  but 
we  aliiat  owition  them  with  respect  to  hia  tbeoiitt,  whidi 
» tfaiB  arlicle  are  Mttrtmely  defective.  Alao  in  Leupold'a 
Thmtrvm  Machinantm  Hjfdrou^amm,  thore  is  a  prodi> 
^eus  Tihety  of  all  kinds  of  pumpe,  many  of  than  ray 
wng^ar  and  ingenioua,  and  many  which  have  porticulv 
■dvantay,  which  it&y  suit  local  circumstances,  and  gm 
Ihcm  a  prefereoee.  But  it  would  be  improper  to  swdl  n 
irtJIcle  of  this  kind  with  so  many  peculiarities ;  andapff- 
■da  who  make*  himself  master  of  the  principles  delivmd 
ben  in  mfficicnt  detail,  can  be  at  no  loss  to  auit  a  pinp 
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to  ins  puticulflr  views,  or  to  judge  of  the  merit  of  such  at 
may  .be  proposed  to  him. 

We  must  now  take  notioe  of  mme  Tery  consideraUe 
and  important  Tarieties  in  the  form  and  contrivance  of  the 
essential  pwrts  of  a  pump. 

III.  The  ibrcingupump  b  sometimes  of  a  very  difierant 
form  finim  that  already  described.  Instead  of  a  piston, 
which  applies  itself  to  the  inride  of  the  barrel,  and  slides 
up  and  down  in  it,  there  is  a  long  cylinder  POQ  (Fig.  10.) 
nicely  turned  and  polished  on  the  outside,  and  of  a  diame- 
ter somewhat  less  than  the  inside  of  the  barrel.  Tins  cyw 
littder  (called  a  plunger)  slides  throuj^  a  collar  of  katbers 
on  the  top  of  the  working-barrel,  and  is  constructed  as  fol- 
lows: The  top  of  the  barrel  terminates  in  a  flanch  a6, 
I»erced  with  four  holes  for  recdving  screw-bolts.  There 
are  two  rings  of  metal,  c  (^  e/^  of  the  same  diameter,  and 
having  holes  corresponding  to  those  in  the  flanch.  Four 
rings  of  soft  leather,  of  the  same  size,  and  rimilariy  pierced 
with  holes,  are  well  soaked  in  a  mixture  of  oil,  tallow,  and 
a  little  rosin.  Two  of  these  leather  rings  are  laid  on  the 
pump  flanch^  and<ine  of  the  metal  rings  above  them.  The 
plunger  is  then  thrust  down  through  them,  by  which  it 
turns  their  inner  edges  downwards.  The  other  two  rings 
are  then  slipped  on  at  the  top  of  the  plunger,  and  the  se- 
cond metal  ring  is  put  over  them,  and  then  the  whole  aoKi 
shd  down  to  the  metal  ring.  By  this  the  inner  edges  of 
the  last  leather  rings  are  turned  upwards.  The  three  metal 
rings  are  now  forced  together  by  the  screwed  bolts ;  and 
thus  the  leathern  rings  are  strongly  compressed  between 
them,  and  made  to  grasp  the  plunger  so  closely  that  no 
pressure  can  force  the  water  through  between.  The  upper 
metal  ring  just  allows  the  plunger  to  pass  throu^  it,  but 
without  any  play;  so  that  the  tumed^up  edges  of  the 
leathern  rings  do  not  come  up  between  the  plunger  and 
the  upper  metal  ring,  but  are  lodged  in  a  little  conical 
Uper,  which  is  given  to  the  inner  edge  of  the  upper  plate. 
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lin^  dicnnutaooe  that  the  grtet  lighltelfc  of  Jhe^ttHir^lft. 
pcsods.  "fFo'imydit  the' Kifuislft^lMu  dUiiioii^  ky voiipit^ 

the  pump,  and  kept  full  rfi^atiaf J'^^TOia  phing*  b^idwr 

luRMa  Crown  DJ  ETOaTSOattL  mMWBslffvnm^  OP  v^  a  Ml  01 

litetd  i^ei^ts  UM  lin  it,  as  fa  icprtittatoi  hi  die  ^gme.' r 
'"^yjtithBiAyi^iic^^  paettifeAi^Jeifltitiiig  lie 

'  bj^eraftm^of  uwptnnp.  '  Tr hail  th^  pliia|^ar  itMtihB  ImU 
CbUbfth^'tiiMel,  touddariif  Ae  ^ed  vahte  TM' tritli  ila 
&w«^t^treMl^,  it  almost  ec^^  flMidqr 

9Gr*K  (Miiit>Btelf/'i^^  is  awBrtlmfes  a  smd'  |ipe  BSZ 
bi&riidik^'biit  Aite  the'top 
«  eoft  kt  S.'  '  WitfSfr  i»  aditifttea  till  llie  btti«i'irtlHh{ikl% 
IBiBa,  and  ih^  o6d[  is^'thea  rifut  'Noir  when/Mte  jinaglr 
W'dri^«{»i  the  tahe  19  in'llie  riong  pifie 
WitM  byiU^  ^i^ifte  of  die  atiAoii^toe^  ai^ 
ite  Ihade  iii'th^  Mild.  Thttrefim  t&e vahe  M-on^Ihe  ^ 
'of  the  suction-pipe  must  be  opened  by  the  dasticiljof  the 
'ur  ih  this  pipe,  and  the  air  must  expand  into  the  band ; 
and,  bdng  no  longer  a  balance  for  the  atmosphere,  the 
water  m  the  cistern  must  be  forced  into  the  suctioii-pipe, 
and  rise  m  it  to  a  certain  height.  When  the  plonger  de- 
scends,  it  must  drive  the  water  through  the  valve  N  (fee 
the  valve  M  will  immediately  shut),  and  along  with  it  most 
of  the  air  which  had  come  into  the  barrel  And  as  this 
air  occupied  the  upper  part  of  the  barrel,  part  of  it  will 
rem^  when  the  plunger  has  readied  the  bottom ;  but  a 
stroke  or  two  will  expd  it  all,  and  then  every  siicoeedbg 
stroke  of  the  descending  pston  will  drive  the  water  akng 
the  rising  pipe,  and  every  ascent  of  the  plunger  wiB  be  fi«- 
lowed  by  the  water  from  the  cistern. 

The  advantage  proposed  by  this  form  of  piston  is,  that 
it  may  be  more  accurately  made  and  polished  than4he  in- 
side of  a  workidg-barrel,  and  it  is  of  much  eamr  leptir. 
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Yet  we  do  ool  find  that  it  is  much  used,  although  an  in- 
vention of  last  century  (we  think  by  Sir  Samuel  Moriand), 
and  much  praised  by  the  writers  on  these  subjects. 

It  is  easy  to  see  that  the  sucking-pump  may  be  varied 
in  the  same  .way.  Suppose  this  plunger  to  be  open  both  at 
top  and  bottom,  but  the  bottom  filled  with  a  valve  opening 
upward.  When  this  is  poshed  to  the  bottom  of  the  bar- 
rel, the  air  which  it  tends  to  compress  lifts  the  valve  (the 
kteral  pipe  FIK  being  taken  away  and  the  passage  shut 
up),  and  escapes  through  the  plunger.  When  it  is  drawn 
up,  it  jnakes  the  same  rarefaction  as  the  solid  plunger,  be- 
cause the  valve  at  O  shuts,  and  the  water  will  come  up 
from  the  dstem  as  in  the  former  case.  If  the  plunger  be 
now  thrust  down  again,  the  valve  M  shuts,  the  valve  O  Is 
forced  opien,  and  the  plunger  is  filled  with  water.  Tins 
will  be  lifted  by  it  during  its  next  ascent ;  and  when  it  is 
pushed  down  again,  the  water  which  filled  it  must  nofw  be 
pushed  out,  and  will  flow  over  its  sides  into  the  cistem  at 
•the  head  of  the  barrel.  Instead  of  making  the  valve  at  the 
bottom  of  the  piston,  it  may  be  made  at  the  top ;  but  this 
disposition  is  much  inferior,  because  it  cannot  rarefy  the 
air  in  the  barrel  one  half.  This  is  evident ;  for  the  capa- 
city of  the  barrel  and  plunger  together  cannot  be  twice  the 
capacity  of  the  barrel. 

IV.  It  may  be  made  after  a  still  different  form»  as  » 
presented  in  Fig.  17.  Here  the  suction-pipe  CO  comes 
up  through  a  cistem  KMNL  deeper  or  longer  than  th^ 
intended  stroke  of  the  piston,  and  has  a  valve  C  at  top. 
The  piston,  or  what  acts  in  lieu  of  it,  is  a  tube  AHGB, 
open  at  both  ^nds,  and  of  a  diameter  somewhat  laiger  than 
that  of  the  suction-pipe.  The  interval  between  than  is 
filled  up  at  H6  by  a  ring  or  belt  of  soft  leath^,  which  is 
fastened  to  the  aukr  tube,  and  moves  up  and  down  with 
it,  diding  akmg  the  smoothly  polished  surfiice  of  the  suc- 
tion-pipe with  very  little  friction.     There  is  a  valve  I  on 
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ittfadnMittV'iMiiriu- -■  »u-- 

The  osltf  f^niir  tir  piMto  hong  diwrai  t^p4bmifa 

«MI  ^w«igbt    F^alBBg'  down:  ^,  yigtaik 
iMeh  iMd  txpiidedfiwi  ihe  «i0tian>fi^aldb4|0 
liy«fttepft  vfawogil  tlHi  ¥i1m  I;  dnwriag  itimfi^: 
tJHij^  rijiwpff  fci  nlBftiupiicjiii  1)0  praM  move  mrtit'  JBtii 

#lb  10  pudMd  dkms  «g0i%  the  wfllar  ^Mth  h$A 
iImi^ fh0 ¥Bh«</  i0iioir  Ibraid  oatthnmb ike^ 
liM  the  timaii  KMNL»  and  noir  Ae  ifUa.  i0  i 
MMtr -  "'WlMi^  AflMtetty  the  pirtDlt  10  dMMi«| 
MM-ioaMft^  alMl  Me  it^  if  net  Slieet  Aewert^ 
li  tlM  ebMmi  moA  whea  it  b  poshed  deem^i^pHs  the 
^Htter  whkh  filled  the  pieton  is  all  thrown  oat  loto  the  oe- 
Mn^  and  after  this  it  delivers  its  full  contents  of  water 
Vtafyetroke.  The  water  in  the  cisteni  KMNL  eSktnaUy 
prevents  the  entry  of  any  air  between  the  two  pipes;  so 
4Hit  a  very  moderate  eompression  of  the  belt  of  soft  leather 
at  the  mouth  of  the  piston  cylinder  is  sufficient  to  make  all 
-ptrftctfy  tight 

It  might  be  made  differently.  The  ring  of  leather 
^miglit  he  ftstened  round  the  top  of  the  inner  cylinder  at 
•Dfiy  and  slide  on  the  inside  of  the  piston  cylinder ;  hot 
•die  first  form  is  most  easily  executed.  Musch^ibioeek 
^Mt  g^ven  a  figure  of  this  pump  in  his  large  system  of  na- 
tural philoKiphy,  and  speaks  very  highly  of  its  perfenD- 
•nce.  But  we  do  not  see  any  advantage  which  it  posseses 
<oiver  the-eoiHDion  sudcing^pumpp  He  indeed  says  that'  it 
is  without  ftMlkMH  and  makee  no  mention  of  the  ring  of 
leather  between  the  two  cylinders.     Such  a  punp  will 
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rane  waterextrcniely  weUtoasmdUheigbty  and  it  aeems  lo 
have  been  a  model  only  which  he  had  eyaminpd  :  but  if 
the  auction-pipe  is  long,  it  will  by  no  means  do  without 
the  leather ;  far,  on  drawing  up  the  piston,  the  water  c^ 
the  upper  dstem  will  rise  between  the  jnpes,  and  fill  the 
piston,  and  none  will  come  up  through  the  suction-pipe. 

We  may  take  tins  opportunity  of  observing,  that  the 
maay  iagemous  contrivances  of  pumps  without  friction  are 
of  Uttle  importance  in  great  works ;  because  the  £riction 
which  is  completely  sufficient  to  prevent  all  escape  of  water 
in  a  well-oonstructed  pump  is  but  a  very  trifling  part  of 
the  whole  fioroe.  In  the  great  pumps  wfaidi  are  used  m 
mines,  and  are  worked  by  a  steam-engine;,  it  is  very  usual 
to  make  the  {»stons  and  valves  without^  any  lealher  what^ 
ever.  The  working-barrel  is  bored  truly  cylindrical,  and 
the  piston  is  made  of  metal  of  a  size  that  will  just  pass 
along  it  without  s^king.  When  this  is  drawn  up  with 
the  velocity  competent  to  a  properly  loaded  machine,  the 
quantity  of  water  which  escapes  round  the  piston  is  insig* 
nifioant.  The  piston  is  made  without  leathers,  not  to 
avoid  Inctioo,  which  is  also  insignificant  in  such  works ; 
but  to  «void  the  neoesuty  of  frequently  drawing  it  up  finr 
vepain  tfavoagfa  such  a  length  of  pipes. 

V.  If  a  pump  absolutely  without  friction  is  wanted,  the 
following  seems  preferable  for  simplicity  and  perfomumor 
to  any  we  have  seen,  when  made  use  of  in  proper  situations. 
Let  NO  (Fig.  18.)  be  the  surface  of  the  water  in  the  pit, 
and  K  the  place  of  delivery.  The  [nt  must  be  as  deep  in 
water  as  from  E  to  NO.  ABCD  is  a  wooden  trunks 
Tound  or  square,  aptn  at  both  ends,  and  having  a  valve  P 
at  the  bottom.  The  top  of  this  trunk  must  be  on  a  level 
whh  K,  and  has  a  small  cistem  EADF.  It  also  eommu- 
nieates  kterally  with  a  rising  pipe  GHK,  furnished  with 
4L  valve  at  H  qsening  upwards.  LM  is  a  beam  al  timber 
so  fitted  to  the  trunk  as  to  fill  it  without  sticking,  and  is  of 
at  least  -equal  length.     It  hangs  by  a  chain  from  a  work- 
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ing-beam,  and  is  loaded  on  the  top  with  wdghts  exoeediif 
that  of  the  column  of  water  which  it  displaces.     Now  sup- 
pose  this  beam  allowed  to  descend  from  the  postioD  in 
which  it  is  drawn  in  the  figure,  the  water  must  rise  all 
around  it,  in  the  crevice  which  is  between  it  and  the  trunk, 
and  also  in  the  rising  pipe ;  because  the  valve  P  shuts,  and 
H  opens ;  so  that  when  the  plunger  has  got  to  the  bottom, 
the  water  will  stand  at  the  level  of  K.    When  tibe  plunger 
is  again  drawn  up  to  the  top  bj  the  action  of  the  mcmig 
power,  the  water  nnks  again  in  the  trunk,  but  not  in  tiie 
rising  pipe,  because  it  is  stopped  by  the  valve  H.     Then 
allowing  the  plunger  to  descend  again,  the  water  must 
again  rise  in  the  trunk  to  the  level  of  K,  and  it  must  now 
flow  out  at  K ;  and  the  quantity  discharged  will  be  equsl 
to  the  part  of  the  beam  below  the  surface  of  the  pit-water, 
deducting  the  quantity  which  fills  the  small  space  between 
the  beam  and  the  trunk.     This  quantity  may  be  reduced 
almost  to  nothing ;  for  if  the  inade  of  the  trunk  and  the 
outside  of  the  beam  be  made  tapering,  the  beam  may  be 
let  down  till  they  exactly  fit ;  and  as  this  may  be  done  in 
square  work,  a  good  workman  can  make  it  exceedingly  ac- 
curate.    But  in  this  case,  the  lower  half  of  the  beam  and 
trunk  must  not  taper ;  and  this  part  of  the  trunk  must  be 
of  sufficient  width  round  the  beam  to  allow  free  passage 
into  the  rising  pipe.     Or,  which  is  better,  the  ri^ng  pipe 
must  branch  off"  from  the  bottom  of  the  trunk.     A  dis- 
charge may  be  made  from  the  cistern  EADF,  so  that  as 
little  water  as  possible  may  descend  along  the  trunk  when 
the  piston  is  raised. 

One  great  excellence  of  this  pump  is,  that  it  is  perfectly 
free  from  ail  the  deficiencies  which  in  common  pumps  re- 
sult from  want  of  being  air-tight.  Another  is,  that  the 
quantity  of  the  water  raised  is  precisely  equal  to  the  power 
expended  ;  for  any  want  of  accuracy  in  the  work,  while  it 
occasions  a  diminution  of  the  quantity  of  water  discharged, 
niakes  an  equal  diminution  in  the  weight  which  is  neces- 
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BBOj  for  pushing  dowu  the  plunger.  We  have  seen  a  ma- 
chine consisting  of  two  such  pumps  suspended  from  the 
arms  of  a  long  beam,  the  upper  ade  of  which  was  fcnrmed 
into  a  walk  with  a  rail  on  each  nde.  A  man  stood  on  mie 
end  till  it  got  to  the  bottom,  and  then  walked  soberlj  up 
to  the  other  end,  the  inclination  being  about  twenty-five 
degrees  at  fint,  but  graduaUy  diminished  as  he  went  aloi^, 
and  changed  the  load  of  the  beam.  By  this  means  he  made 
the  other  end  go  to  the  bottom,  and  so  on  alternately,  with 
the  eaaest  of  all  exertions,  and  what  we  are  most  fitted  for 
by  our  structure.  With  this  machine,  a  voy  feeble  old 
man,  weighing  110  pounds,  raised  7  cubic  feet  of  water 
11^  feet  high  in  a  minute,  and  continued  working  8  or  10 
hours  every  day.  A  stout  young  man,  weighing  nearly 
180  pounds,  raised  8^  to  the  same  height ;  and  when  he 
carried  SO  pounds  conveniently  slung  about  him,  he  raised 
9i  feet  to  this  height,  working  10  hours  a^y  with^^ 
out  fatiguing  hunself.  This  exceeds  Desagulier^s  maxi- 
mum of  a  hogshead  of  water  10  feet  high  in  a  minute,  in 
the  proportion  of  9  to  7  nearly.  It  is  limited  to  very  mo- 
derate heights ;  but  in  such  situations  it  is  very  efiectuaL 
It  was  the  contrivance  of  an  untaught  labouring  man,  pos- 
sessed of  uncommon  mechanical  genius. 

VI.  The  most  ingenious  contrivance  of  a  pump  without 
friction  is  that  of  Mr  Haskins,  described  by  Desaguliers, 
and  called  by  him  the  QidckMver  Pump.  Its  construc- 
tion and  mode  of  operation  are  pretty  complicated ;  but  the 
foUowihg  preUminary  observations  will,  we  hope,  render  it 
abundantly  plain. 

Let  ilmk  (Fig.  19.)  be  a  cylindrical  iron  jupe,  about 
mx  feet  kng,  open  at  top.  Let  eg  A/*be  another  cylinder, 
connected  with  it  at  the  bottom,  and  of  smaller  diameter. 
It  may  ^ther  be  solid,  or,  if  hollow,  it  must  be  cloee  at 
top.  Let  acdbhe^  third  iron  cylinder,  of  an  interme- 
diate diameter,  so  that  it  may  move  up  and  down  between 
the  other  two  without  touching  either,  but  with  as  little 
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istenral  as  pofisible.  Let  this  middle  cylinder  tiomnunioiie 
by  means  of  the  pipe  AB,  with  the  upright  pipe  FE,  har- 
ing  Tah'es  C  and  D  (both  opening  upwards)  adjoittng  to 
the  pipe  <^*  communicatim.  Suppose  the  outer  cylinder 
suspended  by  chains  fiom  the  end  of  a  workiDg-betBi, 
and  let  mercury  be  poured  into  the  interval  between  the 
three  cylinders  till  it  fills  the  space  to  op^  about  f  of  their 
height  Also  suppose  that  the  lower  end  of  the  pipe  F£ 
is  immersed  into  a  dstem  of  water,  and  that  the  valve  D 
is  less  than  88  feet  above  the  surface  of  this  water. 

Now  suppose  a  perforation  made  somewhere  in  the  pipe 
AB,  and  a  communication  made  with  an  air-pump.  Wlien 
the  air-pump  is  worked,  the  air  contuned  in  C£,  in  AB, 
and  in  the  space  between  the  inner  and  middk  flinders, 
yi  rarefied,  and  is  abstracted  by  the  air-pump ;  tat  the  valve 
D  immediately  shuts.  The  pressure  of  the  atmosphere 
will  cause  the  water  to  rise  in  the  ppe  C£,  and  will  cause 
the  mercury  to  rise  between  the  inner  and  middle  flinders, 
and  sink  between  the  outer  and  middle  cylinders.  Let  us 
suppose  mercury  12  times  heavier  than  water :  then  for 
every  foot  that  the  water  rises  in  EC,  the  level  between  the 
outside  and  inside  mercury  will  vary  an  inch ;  and  if  we 
suppose  DE  to  be  30  feet,  then  if  we  can  rarefy  the  sur  so 
as  to  raise  the  water  to  D,  the  outside  mercury  will  be  de- 
prefksed  to  y,  r,  and  the  inside  mercury  will  have  risen  to 
s^ty  sg  and  /  r,  being  about  30  inches.  In  this  state  of 
things,  the  water  will  run  over  by  the  pipe  BA,  and  every 
thing  will  remain  nearly  in  this  position.  The  columns  of 
water  and  mercury  balance  each  other,  and  balance  the 
pressure  of  the  atmosphere. 

While  things  are  in  this  state  of  equilibrium,  if  we  allow 
the  cylinders  to  descend  a  little,  the  water  will  rise  in  the  pipe 
FE,  which  we  may  now  consider  as  a  suction-pipe ;  for  by 
this  motion  the  capacity  of  the  whole  is  enlarged,  and  there- 
fore the  pressure  of  the  atmosphere  will  still  keep  it  full, 
and  the  situation  of  the  mercury   will  again  be  such  that 

\ 
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a»  shall  be  in  aquilifaria     It  will  be  a  btUe  knrar  in  the 
inside  «pace  and  higher  in  the  outaide. 

Taking  this  view  of  things,  we  see  dearly  how  the  water 
is  supported  by  the  atmosphere  at  a  very  considerable 
httght.    The  apparatus  is  analogous  to  a  syphon  which 
has  one  leg  filled  with  water  and  the  other  with  mer- 
cury.    But  it  was  not  necessary  to  employ  an  air.pump  to 
fill  it     Suppose  it  again  empty,  and  all  the  Talves  shut  by 
their  own  weight   Let  the  cylinders  descend  a  htde.    The 
capaaty  at  the  i^iaoes  below  the  Tatve  D  is  enlarged,  and 
therefiNre  the  included  air  ia  rarefied,  and  some  of  the  air 
in  the  pipe  C£  must  diffuse  itself  into  the  space  quitted 
fay  the  inner  ^linden   TherefiNre  the  atmosphere  will  press 
some  water  up  the  pipe  FE,  and  some  mercury  into  the 
inner  space  between  the  cylinders.     When  the  cyUnders 
are  raised  again,  the  air  which  came  from  the  pipe  CE 
would  return  into  it  again,  but  is  prevented  by  the  valve 
C.-— Raising  the  cylinders  to  thar  former  height  would 
compress  this  air;  it  therefore  lifts  the  valve  D,  and  escapes^ 
Another  depressiott  of  the  flinders  will  have  a  similar  ef- 
fiect    The  water  will  rise  higher  in  FC,  and  the  mereury 
in  the  kmer  space ;  and  then,  after  repeated  strokes,  the 
water  will  pass  the  valve  C,  and  fill  the  whole  apparatus, 
as  the  air-pump  had  caused  it  to  do  before.     The  position 
of  the  cylinders,  when  things  are  in  this  situation,  is  repre- 
sented in  Fig.  90,  the  outer  and  inner  cylinders  in  their 
lowest  position  having  descended  about  SO  inches.     The 
Biereury  in  the  outer  ipnoe  stands  at  9,  r,  a  little  above  the 
middle  of  the  cylinders,  and  the  mercury  in  the  inner  fspaet 
is  near  the  top  <«  of  the  inner  cylinder.    Now  let  the  cy- 
linders be  drawn  up.    The  water  above  the  mercury  can- 
not get  back  again  throuj^  the  valve  C,  which  shuts  by  iu 
own  weight.    We  therefore  attempt  to  compress  it ;  but 
the  mereury  .yields,  and  descends  in  the  inner  space, 
and  rises  in  the  outer,  till  both  are  quickly  on  a  level, 
about  the  height  v  v.  If  wecontbue  to  raise  the  cylinders. 
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the  oiraprcsuun  fiirccs  out  irn^e  mercury »  and  it  non  ttati 
lower  in  the  iuDer  than  in  the  ouWr  apace.     Btil  iImI  thm 
may  be  something  to  balance  this  iiiequuJily  of  ibt  Bietea* • 
rial  oolumnS)  the  water  goes  thtuugb  the  valve  0,  lodtbt. 
(quiiibrium  is  restored  wbcn  the  lieight  ol'  the  vaia  in  cht 
pipe  ED  above  tlie  surface  ol'  the  internal   mercury  ulfl 
times  the  diflerence  of  tiie  mercurial  columns  (on  the  i(^ 
mcr  BupposiLion  of  spedGc  gravity).     If  the  qimtirf  iC  ' 
water  U  auch  as  to  rise  two  feet  in  the  p^  £D,  the  mm 
cury  ill  the  outer  space  will  be  two  inches  higher  than  litS 
in  the  inner  space.     Another  depression  of  liw  cjlinilai 
will  B^D  enlarge  the  space  within  the  apparatus  i^c  "itf- 
cury  will  take  the  position  of  Fig,  19-  and  more  water  *>nll 
come  in.     Haisia^  the  cylinders  will  send  this  wala  (imu 
feet  up  the  pipe  ED,  and  the  mercury  wiU  be  four  bcba 
higher  in  the  inner  than   in  the  outer  space.     Hepcaliog 
thia  operation,  the  water  will  be  raised  still  lii^^ier  in  Dt: 
and  thia  will  go  on  till  the  mercory   in   the  outer  sputa   j 
reaches  tlie  top  of  the  cylinder ;  and  this  is  the  limit  oftha   1 
performance.     The  dimensions  witii  wtudi  ,we  se(  out  will 
enable  the  machine  to  raise  the  water  about  8U  ftxx.  in  tbc 
I»pe  ED ;  which,  added  to  the  SO  feet  of  CF,  nakcs  dw 
whole  h^ht  above  the  [»t-watet  60  feeL     By  makuf  tbe 
cylinders  longer,  we  increate  the  height  of  FH.    This  ma- 
chine  must  be  worked  with  greatatteidk»,  and  but  sbirtf; 
fix-  at  tbe  beginning  of  the  forcing  stroke  the  mercury  ^ery 
r^adly  sinks  in  tbe  inner  qwoe  and  liacs  in  tiie  outs,  and 
will  dash  out  and  be  lost     To  prevent  tbU  as  mudi  » 
posfflble,  the  out^  cylinder  terminatei  in  a  sort  of  cup  tr 
dish,  and  the  inner  cylinder  should  be  ts^iered  atop. 

The  machine  is  exceedingly  ingenious  and  refined: 
and  there  is  no  doubt  of  ita  performance  exceeding  that 
of  any  other  pump  which  raieea  the  water  to  the  aaiae 
height,  because  friction  is  6ompLetely  avoided,  and  thoe 
can  be  no  want  of  tightness  of  tbe  pist<Hi.  But  this  is  aU 
iliadvanlage;  and,  from  what  basbc^  t^iserved,  il  is  but 
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The  expense  would  be  enomious;  for  with  what- 
ever care  the  eylhiders  are  made,  the  interval  between  the 
inner  and  outer  cylinders  must  contain  a  very  great  quan- 
ti^  of  mercury.  The  middle  cylinder  must  be  made  of 
iron  plate,  and  must  be  without  a  seam,  f<Hr  the  mercury 
would  disscdve  every  solder.  For  such  reasons,  it  has  never 
come  into  general  use.  But  it  would  have  been  unpardon- 
aUe  to  have  oontted  the  description  of  an  invention  which 
is  so  original  and  ingenious;  and  ihexe  are  some  occasions 
where  it  may  be  of  great  use,  as  in  nice  experiments  for  il- 
lustrating the  theory  of  hydraulics,  it  would  fpve  the  finest 
pistons  for  measuring  the  pressures  of  water  in  pipes,  &c. 
It  is  on  precisdy  the  same  prindple  that  the  cylinder  bel- 
lows, described  in  the  artide  Phxitmatics,  are  constructed. 

We  beg  leave  to  oondude  this  part  of  the  subject  with 
the  description  of  a  pump  without  iriction,  which  may  be 
constructed  in  a  variety  of  ways  by  any  commoo  carpenter, 
without  the  assistance  of  the  pump-maker  or  plumber,  and 
will  be  very  effective  for  raising  a  great  quantity  of  water 
to  small  heists,  as  in  draining  marshes,  marie  pits,  quar- 
ries, &c.  or  even  for  the  service  of  a  house. 

VII.  ABCD  (Fig.  21.)  is  a  square  trunk  of  carpenters 
work  open  at  both  ends,  and  having  a  little  dstem  and 
qpoutattop.  Near  the  bottom  there  is  a  partition  made  of 
board;  perforated  with  a  hole  E,  and  covered  with  a  dack. 
f/f/'  represents  a  kmg  ^lindrical  bag  or  pudding,  made 
of  leather  or  of  double  canvass,  with  a  fidd  of  thin  leather 
sudb as sheep^ddn between  the  canvass  begs.  Thisisfirmly 
nailed  to  the  board  £  with  soft  leather  between.  The  up- 
per end  of  tins  bag  is  fixed  on  a  round  board,  having  a 
hole  and  valve  F.  This  board  may  be  turned  in  the  hthe 
with  a  groove  round  its  edge,  and  the  bag  fastened  to  it  by 
a  cord  bound  tight  round  it.  The  fork  of  the  piston-rod  FG 
is  firmly  fixed  into  this  board ;  the  bag  is  kept  distended 
by  a  number  of  wooden  hoops  or  rings  of  strong  wire./^ 
jT/ff/s  &c.  put  into  it  at  a  few  inches  distance  from  each 


.17»  wntf • 

ollwr*  ■  li  will  be  pRiper  te  oouKel  Umi^  koftip  hoAn 
pHtdngthi^  'm,  fajtfett  or  Ibweoribfraaikjiklo  boi. 
ton^  whiohiiittkflqpdMA:  at  thw  proper  dBi^^  Thai 
^  tbB  big  bttfe  tbe  iom  oC  m  tMrbcirV  heflbm  poMer* 
puff*  The  dittmoe  between  the  kbepi  duwU  beefamil 
twke  tbe  breadth  of  die  rim  of  die  wonknow  lb  ^^ 
the  iqffwr  valve  aiid  pufeoiMNid  era  flwL    .  -  . 

Noiwkttlm  tnmkbeioniienediidMwetBiiEi.  ItiaeNi. 
dent  that  if  the  bagbe  efcackhed  ibdinliieloaBifnaBBd  &ni 
iriuidi  ite  own  iraght  witt  give  it  fay  diwmg.opi^ 
vod,  iti  oqpackj  will  be  enlaigedi  the  valve  F  win  be  dmt 
fajitaown  weig^  dieairHi  the  beg  mlHwiateiul»  and 
the  alBMiqiheie  win  pvw  die  water  iniD  the  ba|^  When 
the  fod  is  thnut  damn  agnn,  tUa  natrir  wiB  eoaae  oul  bjr 
die  valve  F»  and  fiU  part  of  die  trunk.  Aiepeddmoftbc 
epeiationwiUhaveanmlarefiect;  the  tninkinB  be  filed, 
and  the  water  wiU  at  last  be  diadnoged  by  the  ipo«L 

Heee  b  a  pomp  without  'ftiodony.  and  perfeody  dg^ 
For  the  leather  between  the  folds  of  oanvass  renders  the  bi^ 
impervious  both  to  air  and  water.  And  the  canvass  has  very 
oonsiderable  stren^^  We  know  from  experience  that  a 
bag  of  six  inches  diameter,  made  of  sail-cloth  No  3^  with  a 
sheep*skin  between,  will  bear  a  column  of  15  feet  c^  water, 
and  stand  nx  hours  work  per  day  far  a  month  vithout 
f«lure,  and  that  the  pump  is  oonnderably  superior  in  ef- 
fect to  a  common  pump  of  die  same  dimennona.  Wemust 
only  observe,  thatthelengthof  the  bag  must  be  three  times 
the  intended  length  of  tbe  stroke ;  so  that  when  thefuston- 
lod  is  in  its  highest  pontion,  the  angles  or  ridgce  of  the 
bi^  may  be  pretty  acute.  If  the  bag  be  more  stretched 
than  this,  the  force  which  must  be  exerted  by  the  Ubourer 
becomes  much  greater  than  the  weight  of  the  column  of 
water  which  he  is  rainng.  If  the  pump  be  hud  aislope, 
which  is  very  usual  in  these  oocanonal  and  hasty  draw* 
ings,  it  is  necessary  to  make  a  guide  for  the  piston-rod 
within  the  trunk,  that  the  bag  may  play  up  and  down 


witbout  rubbing  oa  the  ndM,  which  would  qmdcfy  wear  it 
out 

The  experienced  reader  will  see  that  this  pump  is  very 
like  that  of  Gosset  and  De  la  Deuille,  described  hj  Belidor, 
TO  II.  p.  190,  and  most  writers  on  hydraulics.  It  would 
be  still  more  like  it,  if  the  bag  were  on  the  under  ride  of 
the  partitionE,  and  a  valve  placed  fiurtfaer  down  the  trunk. 
Bui  we  think  that  our  form  is  greatly  preferable  in  point 
of  strength.  When  in  the  other  rituation,  the  eolumn  of 
water  lifted  by  the  piston  tends  to  burH  the  bag,  and  this 
with  a  great  fiirce,  as  the  intelligent  reader  well  knows.^*^ 
But  in  the  form  reoonunended  here,  the  bag  is  compressed, 
and  the  strain  on  each  part  may  be  made  much  leks  than 
that  which  tends  to  burst  a  bag  of  six  bdie^  diameter. 
The  msarer  the  rings  are  pieced  to  each  other  the  smaller 
will  the  strain  be. 

The.  same  bag^iiston  may  be  enjdoyed  for  a  fbrang*- 
pump,  by  placing  it  below  the  partition,  and  inverting  the 
valve ;  and  it  will  then  be  equaUy  strong,  because  the  resbt- 
imoe  in  this  case  too  wiU  act  by  oompression. 

We  now  oome  natuxially  to  the  oonrideration  of  the  dif- 
ferent fonnts  wbkh  may  be  given  to  the  pistons  and  valves 
of  a  punip.  A  9ood  deal  of  what  we  have  been  describing 
already  i$  reducible  to  this  head;  but,  having  a  mare 
general  appearance,  dian^^ng  as  it  were  the  whok  form 
and  structure  of  the  pump,  it  was  not  improper  to  keep 
these  thingfi  together. 

The  great  desideratum  in  a  piston  is,  that  it  be  as  tight 
as  possiUe,  and  have  as  little  friction  as  u  consistent  with 
this  indispensable  quality.  We  have  already  said,  that 
the  common  form,  when  carefully  executed,  has  these  pro- 
perties in  «i  eminent  degree.  And  accordingly  this  form 
has  kept  its  ground  amidst  all  the  improvements  whidi  in^ 
g«ik>Q6  artists  have  made.  Mr  Belidor,  an  author  of  the 
first  reputation,  has  given  the  descr^»tion  of  a  piston  which 
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In  highljr  nrtnlnj  mri  i|  rindnphtrdly  ■  nfij  jninrl  ipt 

,^  It  boMitt  of  a  hoHow  qrfiader  of  joeCil  ^  i  {1%  t&> 
^iomed  with  a  nuQiber  cf  hokib  aipdhnriiiK  at  tap  ftiaad^ 
ikB^  whose  cfiameler  ia  iienif  eqi^  to  1^ 
fanrtel  of  the  pump*    Tbit  flaadu  ban;  a  fvoofv/aoni  iu 
J!herejinot^  jbdbir,  Iby  iriiUi  Ai». Wlow 

jfi^Under  ii  tuUoed  with  Mtt  to  the  lower  eaiJUef  the  pb- 
Jton» zepKMited inFig. 8S.  Hue ccMietB oT ji|']te CD^ 
fdth  a  grooved  edge  amUar  to.AB^  9pd  aii>^ 
glato  whidhL  Ibnna  the  seat  of  1^  valm  The 
^thit  part  it  better  mwlewteod  by  mtppffring  tbt  Igoae 
Aan  by  any  deteriptiaii.  .  The.  piatoiMod  HL  it  iaai  to 
4ie.iqp|ier  plato  by  bolts  Jtbrough  its  ddB^pat  tnpeh^s  «l 
G,.Gk  This  aoetal  body  is  thtt  oovaed  with  a  «g^^ 
b^  of  leadier,  fastened  on  it  by  ooids  bouad  loaad  i^ 
i^lCng  up  die  ^pooves  in  die  upper  and  kper  pblM.  The 
apenition  of  the  piston  is  as  fiiDowB : 

A  little  water  is  poured  into  the  pump,  which  gets  past 
the  ades  of  the  pstod,  and  lodges  below  in  the  fixed  valve. 
The  piston  bdng  pushed  down  dips  mio  this  water,  and 
it  gets  into  it  by  the  valve.  But  as  the  piston  in  desoeod- 
ing  compresses  the  air  bebw  it,  this  compressed  air  also 
gets  into  the  inside  of  the  piston,  swells  out  the  b^g  which 
surrounds  it,  and  compresses  it  to  the  sdes  of  the  woridng. 
barrel.  When  the  piston  is  drawn  up  again,  it  must  re- 
main tight,  because  the  valve  will  shut  and  keep  in  the  mr 
in  its  most  compressed  state;  therefinre  the  piston  must 
perform  well  during  the  suction.  It  must  act  equally  wdl 
when  pushed  down  again,  and  acting  as  a  fiurcer ;  jRor  how- 
ever great  the  reustance  may  be,  it  will  affect  the  air  with- 
in the  piston  to  the  same  degree,  and  keep  the  leather  dose 
applied  to  the  barrel.  There  can  be  no  doubt  therefiare  of 
the  jnston^s  performing  both  its  c^Sces  completely ;  bat  we 
imagine  that  the  adhesion  to  the  barrel  will  be  greater  than 
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k  necessary  :  it  will  extend  over  the  whole  sur&oe  of  the 
piston,  and  be  equally  great  in  every  part  of  its  surface ; 
and  we  suspect  diat  the  friction  will  therefore  be  very 
great  We  have  very  high  authority  for  supponng  that 
the  adhesion  of  a  piston  of  the  oommoh  form,  carefully 
nnde^  will  be  such  as  will  make  it  perfectly  tight ;  and  it 
is  evident  that  the  adhesion  of  Belidor's  pston  will  be 
much  greater,  and  it  will  be  productive  of  worse  conse- 
quences. If  the  leather,  bag  is  worn  through  in  any  one 
place,  the  sir  escapes,  and  the  piston  ceases  to  be  com- 
pressed  altogether ;  whereas  in  the  common  piston  there 
will  very  litde  harm  result  from  the  leather  being  worn 
through  in  one  place,  espedally  if  it  project  a  good  way 
beyond  the  base  of  the  cone.  We  still  think  the  common 
{nston  preferable-  Belidor^s  piston  would  do  much  better 
inverted  as  the  piston  of  a  sucking-pump ;  and  in  this  m- 
tuation  it  would  be  equal,  but  not  superior,  to  the  common* 

Belidor  describes  another  forcing-piston,  which  he  had 
executed  with  success,  and  prefers  to  the  common  wooden 
forcer.  It  conusts  of  a  metal  cylinder  or  cone,  having  a 
htoad  flanch  united  to  it  at  one  end,  and  a  similar  flandi 
which  is  screwed  on  the  other  end.  Between  these  two 
plates  are  a  nuvnbw  of  rings  of  leather  strongly  compressed 
by  the  two  flanehes,  and  then  turned  in  a  lathe  like  a  block 
of  wood,  till  the  whole  fits  tight,  when  dry,  into  the  barreL 
It  will  swell,  says  he,  and  soften  with  the  water,  and  with- 
stand the  greatest'  pi^essures.  We  cannot  help  thinking 
this  but  an  indifferent  piston.  When  it  wears,  there  is  no- 
thing to  squeeze  it  to  the  barrel.  It  may  indeed  be  taken 
out  and  another  ring  or  two  of  leather  put  in,  or  the 
flanches  may  be  more  strongly  screwed  together :  but  all 
this  may  be  done  with  any  kind  of  pston ;  and  this  has 
therefore  no  peculiar  merit. 

The  following  will,  we  presume,  appear  vastly  prefer- 
able. ABCD  (Fig.  24.)  is  the  solid  wooden  or  metal 
bk)ck  of  the  pbton ;  EF  is  a  metal  plate,  which  is  turned 
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hdlkm  or  didh-lil»  fatoir>  iDO>i».»rirtif  ni<iiH  *» 
foUUBck.^  Thp.piataiWDitg»p  Hiir»^|<^ ^ihi  iihihyta 
lipt a  ibotddoraba^ ilie  flite JjQH,  m*  •  avft^'klMv 
Ibitz:  flMwJioK%  iui^  mi4  Vfan^tlM  i»  danm^HlM 
^bdi^  biw«  thai  iMi^  ii  «  nwk  4|i»  dM^^ 
ntiabgff0  9i%l  .TIiepMkiiig«iauA^|b«*db 
I9  the  ircrtan^  k  M^KMBti^ 
ioU  Bs  phmSIUa^  .imj  MqeMlly  -ioiiMti  cC  vift'  fk^"!! 
.  tni^mU flowed  in  mvasOim 4£t^  ^^tOmiimimi 
Tl»  |ribte  BF  »  gMliy  awnrsdvdoMy  and  *i>^hah 
Aw  put  iqto  th»  bvfd^  ftltaf.it  as  ti|^>fMMf  I 
tfRi^ght pMpit.  Wh« it inHnkoie,  U  i 
e&at  Mj  tiBM  bf  ^mriag  dsiMi  the  nut  §4  iHMck^ 
tlifrodgeB  of  tb»iidi  to  iqneeteom  tkt  piAingUli 
fmm k mitanf <h» bwncdi t» aaydiyBe.    •    ^^     ^  ^ 

•  ThegftftfMtdjtflbqllgFm^^ 

^JEdkfVf  afinn  tuppprt  ftr  the  vah^  aaA  fixliiml 
putoa-iod.  We  shall  see  presently  that  to  oocssmmbs 
sideiaUs  expense  of  the  moving  pon^  to  fbvce  a  puftm 
ivith  a  nanrow  perforation  thiou^  the  iraler  lodged  in  the 
worlunguhanri.  When  ve  are  laisiiig  imter  to  a  sbmB 
height,  sudi  as  10  oar  M)  feet,  the  po«r«r  so  cripiiiMlsil 
amounts  to  a  fonrth  part  of  the  whd%  if  the  tpater-waf  in 
the  piston  is  less  then  one-half  of  the  section  of  the  band^ 
and  the  ^lodty  of  the  |H8ton  two  feet  jpsr  second^  wbiA  m 
very  moderate.  There  can  be  no  doubt,  therefore,  that 
metal  pistons  are  prefershle,  beeause  their  greater  sfaEenglli 
allows  much  wider  apertures. 

The  fdlowing  pston,  described  and  recommended  bgr 
Belidor,  seems  as  perfect  in  these  respects  as  the  nature  of 
things  will  allow.  We  shall  therefore  describe  it  in  Ae  an^ 
thorns  own  words  as  a  model,  wlndi  may  be  adopted  with 
confidence  in  the  greatest  works : 

^*  The  body  of  the  piston  is  a  truncated  metal  cone 
(Fig.  2&.),  hvnmi^  a  nGOAUL  ffiUet  at  the   greater  end. 
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Figf.  96,  shows  the  profile,  and  Fig.  S7.  the  plan  of  its  up- 
per  base ;  where  Bppmn  a  erov  bar  DD,  perced  with  ati 
oblong  mortise  £  tar  reomving  the  tail  of  the  pbton-rod: 
A  band  of  tfaidL  and  umform  leather  AA  (Fig.  26.  and 
28.)  is  put  roiiiid  this  omie,  and  secured  by  a  brass  hoop 
BB  finnlj  drifeii  on  its  smaller  end,  where  it  is  previously 
made  thinner  to  give  room  fi»r  the  hoop. 

«  This  piston  is  covered  with  a  leather  valve,  fortified 
with  metal  plates  GrO  (I^.  89.)  These  plates  are  wider 
than  the  hole  of  thepston,  so  as  to  rest  cm  its  rim.  There 
are  nmilar  plates  below  the  leather  of  a  smaUer  size^  that 
they  may  go  into  the  hollow  of  the  fnston ;  and  the  leather 
is  firmly  held  between  the  metal  plates  by  screws  H,  H, 
which  go  through  all.  This  is  represented  by  the  dotted 
circle  IK.  Thus  the  pressure  of  the  incumbent  cdumn  of 
water  is  supported  by  the  plates  GO,  whose  circular  edges 
rest  on  the  brim  of  the  water-way,  and  thus  straight  edged 
rest  on  the  cross  bar  DD  of  Fig.  96.  and  S7.  This  valve 
is  laid  on  the  top  of  the  conical  box  in  such  a  manner  that 
its  Buddle  FF  rests  on  the  cross  bar.  To  bind  all  together^ 
the  end  of  the  piston-rod  is  formed  like  a  cross,  and  the 
arms  MN  (Fig.  SO.)  are  made  to  rest  on  the  diameter  FF 
of  the  valve,  the  tail  £P  going  through  the  hole  E  in  the 
middle  of  the  leather,  and  through  the  mortise  E  of  the 
cross  bar  of  the  box ;  and  also  through  another  bar  QR 
(Fig.  98.  and  99-}  which  is  notched  into  the  lower  brim  of 
the  box.  A  key  V  is  then  driven  into  the  hole  T  in  the 
piston-rod;  and  this  wedges  all  fast  The  bar  QR  is 
made  strong ;  and  its  extremities  prcgect  a  little,  so  as  td 
support  the  brass  hoop  BB,  which  binds  the  leather  band  to 
the  piston-box.  The  adjoining  scale  gives  the  dimensions 
of  all  the  parts,  as  they  were  executed  for  a  steam-engine 
near  Cond^,  where  the  piston  gave  complete  satisfaction."^ 

This  piston  has  every  advantage  of  strength,  tightness, 
and  Urge  water-way.  The  form  of  the  valte  (which  has 
given  it  the  name  ct  the  buiUrfy-vahe)  is  ^tremdy  h^ 
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nUE  tDB  DOhOO  Ok  ft  COWpWIW  BUBlMftf  ft f >|'TWT 

W  bdk  while  it  18  flhuttingLv  '     -^i*- ^   ^;*j>«»u 
^^  TU  ftOowii^  pifM  k  jki'Si«dHKi4 
dad  of  merit,    OPPO  (g%.  8t.).tf  thUfaji  ohlH^*, 
bftvisg  ft  perfociitioii  Q,  cofoM  itoi^^  ft  ftieilMf  1; 
idddi  ratts  on  ft  mslbdfhta  tliit  fetans  titer  to|i^atffefc 
J^BCBA  isji  fltirnip  txf  inn  to'  widoh  die  bud^glJH'by 
irtiews  lb  A  4  ^  wbdae  lMd»  tte  taiUt  i^ 
rtSxnqp  is  perfinrftted  at.  C,  to  noem  die  end  ctitktfiiMi^ 
ind,  and  ft  nut  H  is  acvMed  ob  bdow  to  keef^^  ftit 
DEFED  is  ftnotto  adrrap, . whose  lowtir  part'ai  BDfeme 
ft  hoop  like  die  sole  of  ft  sCihrup^  wUch  emfarft^ 
of  die  top  of  the  wooden  bois.  The  bwer  end  «ifitepnla». 
ndisspvewed;  end  before  it  is  put  into  the  hcAssofdietivo 
sdimps  (diiough  wlui&  holes  it  slides  iScedy)  i-fcMd  tet 
O  is  sQiewed  on  it    It  is  dien  put  into  the  faoles^  and  the 
nut  H  firmly  screwed  up.  The  pacldng  RR  is  dien  wmmd 
about  the  fnston  as  tight  as  possible  till  it  oamj^etely  fills 
the  WDrking-barrel  of  the  pump.    When  long  ine  has  ren- 
dered it  in  any  d^ree  loose,  it  may  be  tightened  agun  by 
screwing  down  the  nut  G.    This  causes  the  lii^  DD  to 
compress  the  paddng  between  it  and  the  projecting  dmd- 
der  of  the  box  at  PP ;  and  thus  causes  it  to  sweO  out,  and 
apply  itself  closely  to  the  barrel. 

We  shall  add  only  another  form  of  a  perforated  jnston ; 
which  being  on  a  principle  different  from  all  the  preoecfing, 
will  suggest  many  others ;  each  of  which  will  hare  its  pe- 
culiar advantages.  00  in  Fig.  8S.  represents  the  box  of 
this  juston,  fitted  to  the  working-barrel  in  any  of  the  pre- 
ceding ways  as  may  be  thought  best  AB  u  a  cross-bar 
of  four  arms,  which  is  fixed  to  die  top  of  the  box.-  CF  is 
the  piston-rod  going  through  a  hole  in  the  middle  of  AB, 
and  reaching  a  litde  way  beyond  the  bottom  of  the  box. 
It  has  a  shoulder  D,  which  prevents  its  going  too  far 
through.    On  the  bwer  end  there  is  a  thiok  metal  piale^ 
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turned  axoical  on  its  upper  aide,  so  as  to  fit  a  conical  seat 
PP  in  the  bottom  of  the  piston-box. 

When  the  pistoiMod  is  pushed  down,  the  friction  on  the 
banel  prerents  the  box  from  immediately  yielding.  The 
rod  therefinre  slips  through  the  hole  of  the  cross-bar  AB. 
The  plate  E,  therefore,  detaches  itself  from  the  box. 
When  the  shoulder  D  presses  on  the  bar  AB,  the  box 
must  yidid,  and  be  pushed  down  the  barrels,  and  the  water 
gets  up  throu^  the  perforation.  When  the  piston-rod  is 
drawn  up  again,  the  box  does  not  move  till  the  plate  E 
lodged  in  the  seat  PF,  and  thus  shuts  the  water-way ;  and 
.  then  the  pbton  lifts  the  water  which  is  above  it,  and  acts 
as  the  {nston  of  a  sucking-pump. 

This  is  a  very  ample  and  effective  construction,  and 
makes  a  very  tight  valve.  It  has  been  much  recommend- 
ed by  engineers  of  the  first  reputation,  and  is  frequently 
used ;  and  fix>m  its  simplicity,  and  the  great  solidity  of 
which  it  is  capable,  it  seems  very  fit  for  great  works.  But 
it  is  evident  that  the  water-way  is  limited  to  less  than  one- 
half  of  the  area  of  the  working-barrel.  For  if  the  perfora- 
tion of  the  {nston  be  one-half  of  the  area,  the  diameter  of 
the  plate  or  ball  EF  must  be  greater ;  and  therefore  less 
than  half  the  area  will  be  left  for  the  passage  of  the  water 
by  its  sides. 

We  now  come  to  consider  the  forms  which  may  be  ^ven 
to  the  valves  of  a  hydraulic  engine. 

The  requisites  of  a  valve  are,  that  it  shall  be  tight,  of 
sufficient  strength  to  resist  the  great  pressures  to  which  it 
18  exposed,  that  it  afford  a  suffident  passage  for  the  water, 
and  that  it  do  not  allow  much  to  go  back  while  it  is  shut- 
ting. 

We  have  not  much  to  add  to  what  has  been  said  already 
on  this  subject  The  valves  which  accompany  the  pump 
of  Fig.  5.  are  called  dach-vcdvesy  and  are  all  the  most  ob- 
vious and  common ;  and  the  construction  described  on  that 
occasion  is  as  perfect  as  any.    We  only  add,  that  as  the 
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rf# fiiidi%  fttri»>  Kffto  iiiiiiiV <» Afc  Miii  ili »;^^i*auc 

Flf.  fi.  MA  ]i4ii#' ikitett  iHMlk  ]ih».ik«  itfhti^i»iil 

^fitfihodbhtibimtBtmit^^  kirn 

alidMDgtety  gettd^  lipeitd  on  die  dda^it 

Ti»^y  dafait  qf  liib^  t»h»/i%  flMH  by  iiiiiiiim  iwy  ^ 
wide  when  pudwd  i^  hj  l|Mi  iMMi  of  watsr^  ik«ii|lMMi«i. 

gt^an  iiiieMB<%  <iffcai  lift  1l^thBAIy^^dcw^>t^^^  m^  mmk^  ^ 

g«lAen  «9i»  otf»i|iilf  of  II  cyliAdtar  w^ 

die  diameter  of  the  vahFe.^-^For  in  such  rniirfiim^  dw  lut 

pert  of  die  upwBid  adcoke  is  equally  alow,  and  dw  teloalty^ 

of  die  water  dttough  the  valve  exceedingly  mallt  ttthafe 

the  valve  is  at  tluB  tune  akaosi  dmt 

The  butterfly  valVe  lepreMlted  in  F^  SO,  Bta  ia  km 

*  from  most  of  those  inoonvenienoes,  and  seems  the  bmmI  per* 

fk«  df  the  dactcFvalves.    Some  engineers  make  thdr  ^gmal 

valves  of  a  pyramidal  fcMrm^oondetiBigof  fourdaokaiirilea^ 

hinges  are  in  the  eiroumfereoee  of  the  water-way^  and 

whidi  meets  with  their  points  in  die  middle,  and  sm  sof^ 

ported  by  feur  rifae  whieh  rise  up  fiom  the  sidss^  and 

unite  in  die  middle.    This  ia  an  ezoeilent  Ibrm,  afttding 

the  most  spadous  water-way,  and  shutting  very  readiljfw 

It  seefin  to  be  the  best  possible  for  k  pston.    Theiodof 

the  piston  is  branched  out  on  four  sides,  and  the  braadMa- 

go  through  the  jNstoo^box,  and  are  fastened  below  with 

Mf^feM^     These  branches  fonn  the  -iuppoit  of  die  finir 

^diCkl  We  ha!vi»  tetti  A  valve  of  due  Inrai  in  afUM^  oi^ 


FUMF.  6&5 

M  feet  diamecar,  iriiich  discharged  80  hogahcadfl  of  wa- 
ter  every  stroke,  end  mtde  12  stxoket  in  a  mioute^  raiiiiig 
the  water  abote  8S  feet 

There  is  another  form  of  valve^  called  the  buikm  or  toi2- 
vdhe.  It  oonsists  of  a  plate  of  metal  AB  (Fig.  84.)  turiw 
ed  conicaly  so  as  exactly  to  fit  the  conical  carity  ab  of  its 
box*  A  tnl  CD  prorjects  irom  the  under  side^  which  pass- 
es thiongh  a  cKSs-bar  EF  in  the  bottom  of  the  Ixuc,  and 
has  a  htde  knob  at  the  end,  to  hinder  the  Taive  fiom  rising 
too  high. 

This  valve,  when  nicely  made,  is  unexceptionable.  It 
has  great  strength,  and  is  therefore  proper  for  all  severe 
strains,  and  it  may  be  made  perfecdy  tight  by  grinding* 
Aooordingly  it  is  used  in  all  cases  where  this  isof  indii 
sabl^  consequence.  It  is  most  durable,  and  the  only 
that  will  do  for  passages  where  steam  or  hot  water  b  to  go 
through.  Its  only  imperfection  is  a  small  water-way; 
which,  from  what  has  been  said,  cannot  exceed,  nor  indeed 
equal,  one4ia]f  of  the  area  of  the  pipe. 

If  we  endeavour  Id  enlarge  the  water-way,  by  giving  the 
cone  very  little  taper,  the  valve  frequently  sticks  so  fiut  in 
the  seat  that  no  force  can  detach  them.*^And  this  some- 
times happens  during  the  working  of  the  machine ;  and 
the  jolts  and  blows  given  to  the  machine  in  taking  it  to 
pieces,  in  order  to  discover  what  has  been  the  reason  that 
it  has  dischai^  no  water,  frequently  detaches  the  valve^ 
and  we  find  it  quite  loose,  and  cannot  tell  what  has  de- 
ranged the  pump.  When  this  is  guarded  agunst,  and  the 
diminution  of  the  water-way  is  not  of  very  great  conse^ 
quence,  this  is  the  best  form  of  a  valve. 

Analogous  to  this  is  the  simplest  of  all  valves^  repre- 
sented in  Fig.  36.  It  is  nothing  more  than  a  sphere  of 
metal  A,  to  whidi  is  fitted  a  seat  with  a  mall  portion  BC 
of  a  spherical  cavity.  Nothing  can  be  moie  efl^tual  than 
this  valve ;  it  always  falls  mto  its  proper  place,  and  in 
eveiy  position  fits  it  exactly.    Its  only  imperfection  is  the 

7 


686  FUiiP. 

great  dimiiiution  of  the  water-way.   If  the  ^«— i— <»«»■  of  tk 
q[)here  does  not  cooflidGrably  exceed  that  of  the  hok^  the 
touching  parts  have  very  little  tiqper,  and  it  is  voy  apt  to 
stick  fiut     It  opposes  mudi  less  nsistaooe  to  the  piMige 
of  the  water  than  the  flat  under-aui&oe  erf*  the  buttoo-vdve 
N.  A— It  would  be  an  improvement  of  that  valve  to  gife 
it  a  taper- shape  below  like  a  boy^sti^.   The  spherical  vabe 
must  not  be  made  too  light,  otherwise  it  will  be  hunied  up 
by  the  water,  and  much  may  go  beck  while  it  is  letunii^ 
to  its  place. 

Belidor  desciibes  with  great  minuteness  (voL  II.  pu  iSl, 
&C.)  a  valve  which  unites  every  requisite.  But  il  is  of 
such  nice  and  delicate  construction,  and  its  defects  are  so 
great  when  this  exactness  is  not  attained,  or  is  impaired  bj 
use,  that  we  think  it  hazardous  to  introduce  it  into  a  ma- 
diine  in  a  situation  where  an  intelligent  and  aecunto  artist 
is  not  at  hand.  Fox  this  reason  we  have  omitted  the  de> 
sciiption,  which  cannot  be  given  in  few  words,  nor  without 
many  figures  ;  and  desire  our  curious  readers  to  consult 
that  author,  or  peruse  Dr  Desaguliers^  translation  of  this 
passage.  Its  principle  is  precisely  the  same  with  the  fol- 
lowing rude  contrivance,  with  which  we  shall  conclude  the 
descriptive  part  of  this  article : 

Suppose  ABCD  (Fig.  36.)  to  be  a  square  wooden  trunk. 
£F  is  a  piece  of  oak-board,  exactly  fitted  to  the  trunk  in 
an  oblique  position,  and  supported  by  an  iron  pin  which 
goes  through  it  at  I,  one-third  of  its  lengtli  from  the  lower 
extremity  £.     The  two  ends  of  this  board  are  bevelled, 
so  as  to  apply  exactly  to  the  sides  of  the  trunk.     It  is  evi- 
dent,  that  if  a  stream  of  water  comes  in  the  direction  BA, 
its  pressure  on  the  part  IF  of  this  board  will  be  greater 
than  that  upon  £1.     It  will  therefore  force  it  up  and  rush 
through,  making  it  stand  almost  parallel  to  the  sides  of  the 
trunk.     To  prevent  its  rising  so  far,  a  pin  must  be  put  in 
its  way.     When  this  current  of  water  changes  its  direc- 
tion, tlie  pressure  on  die  upper  t>ide  of  the  board  being 
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again  greatest  on  the  portkm  IF,  it  is  forced  back  again  to 
its  fimner  situation ;  and  its  two  extremities  resting  on  the 
opposite  sides  of  the  trunk,  the  passage  isoompietely  stop- 
ped. This  bcMod  therefore  perfimns  the  office  of  a  Talve ; 
and  this  valve  is  the  most  perfect  that  can  be,  because  it 
ofiers  the  freest  passage  to  the  water,  and  it  allows  very 
little  to  get  back  while  it  is  shutting ;  for  the  part  IE 
brings  up  half  as  much  water  as  IF  allows  to  go  down^  It 
may  be  made  esLtremely  tight,  by  fixing  two  thin  fillets  H 
and  G  to  the  sides  of  the  trunk,  and  covering  those  parts 
of  the  board  with  leather  which  applies  to  them ;  and  in 
this  state  it  perfectly  resembles  Belidor^s  fine  valve. 

And  this  construction  of  the  valve  su^;ests,  by  the  way, 
a  form  of  an  occasional  pump,  which  may  be  quickly  set 
up  by  any  common  (carpenter,  and  will  be  very  effectual 
in  small  heights.     Let  abode  (Fig.  36.)  be  a  square  box 
made  to  slide  along  this  wooden  trunk  without  shake,  hav- 
ing two  of  its  sides  projecting  upwards,  terminating  like 
the  gable-ends  of  a  house.     A  piece  of  wood  e  is  mortised 
into  these  two  sides,  and  to  this  the  pistou-rod  is  fixed. 
This  box  being  furnished  with  a  valve  similar  to  the  one 
below,  will  p«form  the  office  of  a  piston.     If  this  pump 
be  immersed  so  deep  in  the  water  that  the  piston  shall  also 
be  under  water,  we  scruple  not  to  say  that  its  performance 
will  be  equal  to  any.    The  piston  may  be  made  abundant- 
ly tight  by  covering  its  outside  neatly  with  soft  leather. 
And  as  no  pipe  can  be  bored  with  greater  accuracy  than  a 
very  ordinary  workman  can  make  a  square  trunk,  we  pre- 
sume that  this  pump  will  not  be  very  defident  even  for  a 
oonsideraUe  suction. 

We  now  proceed  to  the  last  part  of  the  subject^  to  consi- 
der the  motion  of  water  in  pumps,  in  reference  to  the  force 
which  must  be  employed.  What  we  have  hitherto  sud 
with  respect  to  the  force  whidi  must  be  applied  to  a  fnston, 
related  only  to  the  sustaining  the  water  at  a  certmn  height ; 
but  in  actual  service  we  must  not  only  do  this^  but  we  must 
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discharge  it  at  the  plaeeof  .delivoy  iaaoartam^pnafil^l 
and  this  must  lequire  a  font  aupenddedto  wiiatki 
saiy  for  its  mere  support  at  tlui  height 

This  is  an  extremely  intricate  ani  difficult  aulgaek, 
very  imperfectly  understood  even  by  profeaaad 
The  principIeB  an  which  this  luiowledge  muat  be.fiiUBdad 
are  of  m  much  more  abstruse  nature  than  the  i  ■  diusi  j  Issw 
of  hydrostatics ;  and  all  the  genius  of  Newton  wascmplojsk 
ed  in  laying  the  fimndation  of  this  part  of  phyaical  adenssk 
It  has  been  much  cultivated  in  the  course  o£  tins  oentny 
by  the  first  mathematicians  of  Eurqpe.    Daniel  sad  Join 
Bernoulli  have  written  very  elaborate  treatises  od  die  sob- 
jecty  under  the  very  apposite  name  of  HTDBomnrjJiiGs; 
in  winch,  although  they  have  added  little  or  nothing  to  die 
fundamental  propositions  established  in  some  sort  by  New* 
too,  and  acquiesced  in  by  them,  yet  they  have  greatly  ooiu 
tributed  to  our  progress  in  it  by  the  methock  whiieh  dwy 
have  pursued  in  makiog  application  of  those  fundamentsl 
propositions  to  the  most  important  cases.     It  must  be  ac* 
knowledged,  however,  that  both  these  propositions^  and  the 
extensions  given  them  by  these  authcnrs,  are  supported  by 
a  train  of  argument  that  is  by  no  means  unexceptionable } 
and  that  they  proceed  on  assumptions  or  postulates  whidi 
are  but  nearly  true  in  any  case,  and  in  many  are  inadmissi- 
ble :  and  it  remains  to  this  hour  a  wonder  or  puxzle  how 
these  propositions  and  their  results  correspond  with  the 
phenomena  which  we  observe. 

But  fortunately  thb  correspondence  does  obtain  to  a  cer* 
tain  extent  And  it  seems  to  be  this  correspondenee  chiefly 
which  has  given  these  authors,  with  Newton  at  their  head, 
the  confidence  which  they  place  in  their  respective  princi- 
ples and  methods:  for  there  are  considerable  difierences 
among  them  in  those  respects ;  and  each  seems  convinced 
that  the  others  are  in  a  mistake.  D' Alcmbert  and  La  Grange 
have  greatly  corrected  the  theories  of  their  predecessors, 
and  have  proceeded  on  postulates  which  come  much  nearer 
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to  Ae  veal  state  of  the  case.  But  their  inyeatigations  in- 
vokwe  na  in  such  an  inextricable  maze  of  analytical  investi- 
gation, that  even  when  we  are  again  conducted  to  the  light 
of  day  by  the  due  whidf  they  have  given  us,  we  can  make 
no  use  of  what  we  there  diaoovered. 

But  thia  theory,  imperfect  as  it  is,  is  of  great  service.  It 
genenilixes  our  observations  and  eiqperimaits,  and  enables 
us  to  compose  mpracHcal  doetrime  from  a  heap  of  facts 
which  otherwise  must  have  remained  solitary  and  uncon- 
nected, and  as  oombersome  in  their  application  as  the  cha- 
racters of  the  Clunem  writii^. 

The  fundamental  proposition  of  this  practical  hydrody- 
namics  is,  that  water,  or  any  fluid  contained  in  an  open 
vessd  of  indefinite  magnitude,  and  impelled  by  its  weight 
only,  will  flow  through  a  small  orifice  with  the  velocity 
which  a  heavy  body  would  acquire  by  falling  from  the  ho* 
risontal  snriace  of  the  fluid*  Thus,  if  the  orifice  is  16  feet 
under  the  surface  of  the  water,  it  will  issue  with  the  vcJo- ' 
city  of  SS  feet  in  a  seoood. 

Its  vehxdty  oorresponding  to  any  other  depth  h  of  the 
orifice  under  the  surface,  will  be  had  by  this  easy  prcqwr- 
tion :  As  the  square  root  of  16  is  to  the  square  root  of 
h;  ^  is  82  feet  to  die  velority  required :  or,  alternately, 

Vl6:82=V&:t^.andt;  =  ??j^=?^A,=8VA: 

V  In         4 

that  is,  multiply  the  square  root  c^  the  height  m  feet  by 

right,  and  the  product  is  the  required  velocity. 

On  the  other  hand,  it  frequentiy  occurs,  that  we  want  to 

discover  the  depth  under  the  surface  which  will  produce  a 

known  velocity  v.    Therefore  ^h=  ^^  and  A  =?=  =7 :  that 

is,  divide  the  squwe  of  the  velocity  by  64,  and  the  qao* 
tient  is  the  depth  wanted  in  feet. 

This  pnqxjrition  is  sufficient  for  all  our  purposes.  For 
since  water  is  neariy  a  perfect  fluid,  and  propagates  all  ios* 
presaions  undiminished,  we  can,  in  place  of  any  pressure  of 
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a  piston  or  other  cause,  substitute  a  perpendicular  oQlumn 
of  water  whose  weight  b  equal  to  this  pressure,  and  will 
therefore  produce  the  same  efflux.  Thus,  if  the  surfiuae  of 
a  piston  is  half  a  square  foot,  and  it  be  pressed  down  with 
the  weight  of  500  pounds,  and  we  would  wish  to  know 
with  what  velocity  it  would  cause  the  water  to  flow  through 
a  small  hole,  we  know  that  a  column  of  water  of  tUs 
weight,  and  of  half  a  foot  base,  would  be  16  feet  high. 
And  this  proposition  teaches  us,  that  a  vessel  c£  this  depdi 
will  have  a  velocity  of  efflux  equal  to  32  feet  in  a  second. 

If  therefore  our  pressing  power  be  of  such  a  kind  that  it 
can  continue  to  press  forward  the  piston  with  the  force  of 
600  pounds,  the  water  will  flow  with  this  velocity,  what- 
ever be  the  size  of  the  hole.  AU  that  remains  is,  to  deter« 
mine  what  change  of  actual  pressure  on  the  juston  results 
from  the  modon  of  the  piston  itself,  and  to  change  the  ve- 
locity of  efflux  in  the  subduplicate  ratio  of  the  change  of 
actual  pressure. 

But  before  wc  can  apply  this  knowledge  to  the  circum- 
stances which  take  place  in  the  motion  of  water  in  pumps, 
we  must  take  notice  of  an  important  modification  of  the 
fundamental  proposition,  which  is  but  very  obscurely  point- 
ed out  by  any  good  theory,  but  is  established  on  the  most 
regular  and  unexceptionable  observation. 

If  the  efflux  is  made  through  a  hole  in  a  thin  plate,  and 
the  velocity  is  computed  as  above^  we  shall  discover  the 
quantity  of  water  which  issues  in  a  second  by  observing, 
that  it  is  a  prism  or  cylinder  of  the  length  indicated  by  the 
velocity,  and  having  its  transverse  section  equal  to  that  of 
the  orifice.     Thus,  in  the  example  already  given,  suppos- 
ing the  hole  to  be  a  square  inch,  the  solid  contents  of  this 
prism,  or  the  quantity  of  water  issuing  in  a  second,  is  1  x 
32  X  12  cubic  inches,  or  384  cubic  inches.     This  we  can 
easily  measure  by  receiving  it  in  a  vessel  of  known  dimen- 
sions.    Taking  this  method,  we  uniformly  find  a  deficiency 
of  nearly  38  parls  \vv  100  ;  that  is,  if  we  should  obtain  100 
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gaUons  in  any  number  of  seoonds,  we  shall  in  fact  get  only 
62.  This  is  a  most  regular  fact,  whether  the  velocities  are 
great  or  small,  and  whatever  be  the  nze  and  form  of  the 
orifice.  The  deficiency  increases  indeed  in  a  very  minute 
degree  with  the  velocities.  If,  for  instance,  the  depth  of 
the  orifice  be  one  foot,  the  discharge  b  tW^«  ;  if  it  be  15 
feet,  the  disdiargc  is  iVM.     * 

This  deficiency  is  not  owing  to  a  diminution  of  vdodty ; 
for  the  velocity  may  be  easily  and  accurately  measured  by 
the  distance  to  which  the  jet  will  go,  if  directed  horizon- 
tally.    This  is  found  to  correspond  very  nearly  with  the 
prc^K)sition,  making  a  very  small  allowance  for  friction  at 
the  border  of  the  hole,  and  for  the  resistance  of  the  air. 
Sir  Isaac  Newton  ascribed  the  deficiency  with  great  justice 
to  this,  that  the  lateral  columns  of  water,  surrounding  the 
ocdumn  which  is  incumbent  on  the  orifice,  press  towards 
the  orifice,  and  contribute  to  the  expense  equally  with  that 
column.   These  lateral  filaments,  therefore,  issue  obliquely, 
crossing  the  motion  of  the  central  stream,  and  produce  a 
contraction  of  the  jet ;  and  the  whole  stream  docs  not  ac- 
quire a  parallel  motion  and  its  ultimate  velocity  till  it  has 
got  to  some  distance  from  the  orifice.     Careful  observation 
showed  him  that  this  was  really  the  case.     But  even  his 
genius  could  not  enable  him  to  ascertain  the  motion  of  the 
lateral  filaments  by  theory,  and  he  was  obliged  to  measure 
every  thing  as  he  saw  it.     He  found  the  diameter  of  the 
jet  at  the  place  of  the  greatest  contraction  to  be  precisely 
such  as  accounted  for  the  deficiency.    Hb  explication  has 
been  unanimously  acquiesced  in ;  and  experiments  have 
been  multiplied  to  ascertain  all  those  circumstances  which 
our  theory  cannot  determine  d priori.    The  most  complete 
set  of  experiments  are  those  of  Michelotti,  made  at  Turin 
at  the  expense  o£  the  Prince  of  Piedmont.     Here  jets  were 
made  of  1,  ^  S,  and  4  inches  diameter ;  and  the  water  re- 
ceived into  cisterns  most  accurately  formed  of  brick,  and 
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lined  with  nuixo.     It  is  tJie  result  of  t 

which  vc  have  taken  for  a  measure  of  the  dciidency. 

Wc  may  therefore  coiuider  the  water  as  Howing  liiroufifa 
a  hole  of  this  contracted  diiue&tion,  or  substitute  ihuibr 
the  real  orifice  in  ail  (wbulaliona.  For  it  is  evident  ths  if 
ft  mouth-pieoe  (so  to  call  it)  were  made,  whcMc  iolcmi 
shape  pnxisely  tallied  witli  the  (ona  vluch  the  jet  itoinm, 
mid  if  this  mouth-piece  be  applied  to  the  oriGcr,  Uu  -nlB 
will  flow  out  witliout  any  obatructioa,  Tlie  »««el  imt 
therefore  be  considered  as  really  having  this  mouth^pim. 

Nay,  from  this  we  derive  a  very  important  obeertAtiai, 
«  that  if,  instead  of  allowing  Uie  water  to  flow  Uuough  a 
hole  of  on  inch  area  made  in  a  thin  plate,  we  m^  iib« 
Ihrmigh  a  hole  in  a  thick  plank,  so  formed  that  the  ciur- 
.  nal  oritice  shall  have  an  inch  area,  but  be  widennl  ini» 
nally  agreeably  to  the  shape  which  natune  forms,  boibihf 
velocity  and  quantity  will  be  that  wbicli  the  tuodioKnuJ 
proposilJon  determines.  Michelotti  measured  witli  gtttl 
care  the  form  of  the  great  jetA  of  three  and  four  indMS 
diameter,  and  found  that  the  txiuudiiig  cur\e  vn  aa  elou- 
gated  trochoid.  He  then  made  a  moutb.piece  of  thi*  iaaa 
for  hia  jet  of  one  inch,  and  another  for  hit  jet  of  two  inches ; 
and  he  found  the  discharges  to  he  iVn*.  and  tVi\  ;  and  be. 
with  justice,  ascribed  the  trifling  deficiency  which  still  re. 
mained,  partly  to  friction  and  partly  to  bis  not  having  Ot- 
actly  suited  his  mouth-piece  to  the  natural  fbnn.  We 
imagine  thai  tliis  last  circumstance  was  the  sole  caiae: 
for,  in  the  first  place,  the  water  in  his  experiments,  befcw 
getting  at  his  jet-holes,  had  to  pass  along  a  tube  of  a^ 
inches  diameter.  Now  a  jet  of  four  inches  bears  too  great 
a  proportion  to  this  pipe;  and  its  narrowness  undoubtecUy 
Imidered  the  lateral  columns  from  contributing  to  the  cStm 
in  their  due  proportion,  and  therefra-e  rendered  the  je*  !«• 
convergent.  And,  in  the  next  place,  there  can  be  nodMlx 
(and  the  c^)ser\-ations  of  Daniel  Bernoulli  coofinn  it)  but 
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that  thb  oonvei^geiicy  hefpns  within  tlic  veBsel,  and  perhaps 
at  a  very  connderable  distance  from  the  orifice.  And  we 
ima^e,  that  if  accurate  observations  oould  be  made  on 
the  motion  of  the  remote  lateral  particles  within  the  vessel, 
and  an  internal  mouth-piece  were  shaped  according  to  the 
curve  which  is  described  by  the  remotest  particle  that  we 
can  observe,  the  efflux  of  water  would  almost  perfectly  tally 
with  the  theory.  But  indeed  the  coinddence  is  already 
sufficiently  near  for  giving  us  very  valuable  information. 
We  learn  that  the  quantity  of  water  which  flows  through  a 
hole,  in  consequence  of  its  own  weight,  or  by  the  action  of 
any  force,  may  be  increased  one  half  by  properly  shaping 
the  passage  to  this  hole ;  for  we  see  that  it  may  be  increas- 
ed from  62  to  near  99. 

But  there  is  another  modification  of  the  efflux,  which  we 
confess  our  total  incapacity  to  explain.  If  the  water  issues 
through  a  hole  made  in  a  plate  whose  thickness  is  about 
twice  the  diameter  of  the  hole,  or,  to  express  it  better,  if  it 
issues  through  a  pipe  whose  length  is  about  twice  its  dia- 
meter,  the  quantity  discharged  is  nearly  ^Vv  of  ^hat  results 
from  the  proposition.  If  the  pipe  be  longer  than  this,  the 
quantity  is  diminished  by  friction,  which  increases  as  the 
length  of  the  pipe  increases.  If  the  pipe  be  shorter  the 
water  will  not  fill  it,  but  detaches  itself  at  the  very  entry 
of  the  ppe,  and  flows  with  a  contracted  jet.  When  the 
pipe  is  of  this  length,  and  the  extremity  is  stopped  with 
the  finger,  so  that  it  begins  to  flow  with  a  full  mouth,  no 
subsequent  contraction  is  observed ;  but  merely  striking  on 
the  pipe  with  a  key  or  the  knuckle  is  generally  sufficient  to 
detach  the  water  in  an  instant  from  the  sides  of  the  pipe, 
and  reduce  the  efflux  to  i^. 

This  eflect  is  most  unaccountable.  It  cert^nly  arises 
from  the  mutual  adhesion  or  attraction  between  the  water 
and  the  sides  of  the  pipe ;  but  how  this,  acting  at  right 
angles  to  the  motion,  should  produce  an  increase  from  62 
to  82,  nearly  J,  we  cannot  explain.     It  shows,  however, 
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the  pAriigiolM  ferae  eT  thh  tttnmtion,.  irlddt  in  ttl^ipM 
of  two  or  diree  inehes  is  atdefto  eoBunbniciite  «  gMt^iclii 
di^  to«  t«7  gvoit  budy-tf  ««*.  Imleed'a^iaqpitf* 
fldfeitts  on  capQUoy  tubeB  abow  lliak  <be  omtiud  iUiwllii 
of  the  parts  of  water  b  some  thamoids  of  tnwsgRsritf 

than  th^  wt^ifat.  * 

We  have  011I7  farther  to  lidd,  that  cfveiy  mcareMr  of 
bqrond  two  diatnetera  is  Maoeiopained  indi «  dndantitftrf 
the  diachai^;  bat  in  what  taikr  this  is  dtnunUMl  H  w 
tery  difloiilt  to  dktennine.    We  shall  oidj  obatiid  a<  pt^ 
sent  iIm  th^  dStmnufion  is  nrjr  great    A  pipe  of  2  indKBlt 
tfimeter  and  90  feet  long  has  its  cfisduurge  ooiy  A  ef 
what  it  wodd  he  if  only  4  inched  long.     If  its lo^  %s 
60  lieet,  its  disdiaige  win  be  no  more  than  M-    Apiptii' 
1  inch  dianeler  woidd  ht^ve  a  cKschatge  of  Nk  aaad  ^ikwt 
the  same  dtuation.    Hcnee  we  maj  oondude  that  APttk 
eharge  of  a  Ihineh  pipe  of  80  feet  long  will  not  eteeed  }  eF 
what  it  would  be  if  only  8  inches  long.    This  win 
for  our  present  purposes ;  and  the  determination  of  the 
locities  and  discharges  in  long  conduits  from  pmnp-i 
chines  will  be  found  in  our  dissertation  on  fTjrsiufFbjuca. 
At  present  we  shall  confine  our  attention  to  the  pun^  itsd^ 
and  to  what  will  contribute  to  its  impovement. 

Before  we  can  proceed  to  apply  this  fundamental  propo- 
sition to  our  purpose,  we  must  anticipate  in  a  loose  way  a  po- 
sition  of  continual  use  in  the  construction  of  water-work& 

Let  water  be  supposed  stagnant  in  a  vessel  EFOH 
(Pig.  37.),  and  let  it  be  allowed  to  flow  out  by  a  cylindii- 
cal  pipe  HIKL,  divided  by  any  number  of  partitions  B, 
C,  D,  &c  Whatever  be  the  areas  B,  C,  D,  of  these  ot- 
fices,  the  velocity  in  the  intermediate  parts  of  the  pipe 
will  be  the  same ;  for  as  much  passes  through  any  one  ori- 
fice in  a  second  as  passes  through  any  other  in  die  same 
time,  or  through  any  section  of  the  intervening  ppe.  Let 
this  velocity  in  the  pipe  be  V,  and  let  the  area  of  the  pipe 

VA 
be  A.    The  vdodt^  Vxi  \J\e  otv€«»  B^  C^  D^  must  be  -^-, 
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~     n*^^  LetifbetheTolodtyaoquiiediiiawoondbf 

ahttvy  body.  Tii^n,  bj  the  general  propotttkm,  the  height 

VA 

of  water  in  the  Tessel  which  mil  produce  the  velocity  -»- 

V*A' 

in  the  first  orifice  alone,  is  ^--gi-    After  this  passage  the 

velocity  is  agvn  reduced  to  V  in  the  middle  of  the  spftea 
between  the  first  and  second  orifices.    In  the  second  (nrifioe 

VA 

this  veiodty  is  changed  to  -^ .   This  alone  would  have  le- 

VA' 

quired  a  hdght  of  water  j— p|-    But  the  water  b  already 

nioving  with  the  velocity  V,  whidi  would  have  resulted 
from  a  height  of  water  in  vessel  (which  we  shaU,  in  tihe' 
language  of  the  art,  call  the  Bead  of  Water)  equal  to 

V* 

— .    Therefore  there  is  only  required  a  head  of  water 

2iC*""«i*^'"^^(c^~*')  Therefore  the  whole  height . 
necessary  for  producing  the  efllux  through  both  orifices, 
so  as  still  to  preserve  the  velocity  V  in  the  intervening 

V*    a'    a' 

pipes,  i*-^x^  +  7;i"~'^'     ^°  ^^^^  manner  the  third 

V* 

orifice  D  would  alone  require  a  head  of  water  --  x 

A* V* 

^ — 1 ;  and  all  the  three  would  require  a  head  — x 

_  +  —  +  ^  —  2.    Bv  this  inductioD  may  carily  be 
B*        C  D*  ^ 

seen  what  head    is   necessary   for   producing  the  efflux 
through  any  number  of  orifices. 

Let  the  expense  or  quantity  of  water  discharged  in  on 
unit  of  time  (suppose  a  second)  be  expressed  by  the  sym- 
bol Q.     Thb  is  measured  by  the  product  of  the  velocity 


by  the  area  of  the  orifice,  and  is  therefore  =  VA,  or-g 


C 

compute  the  head  of  water  (which  we  shall  express  bj  H) 
in  reference  to  the  quanbty  of  water  discharged, 
this  is  generally  the  interesting  circumstance.      In  ihitne* 

that  the  head  of  water  necessary  for  producing  the  dischrge 
increases  in  the  proportion  of  the  square  of  the  quactitf 
of  water  which  is  discharged. 

The»e  things  being  premised,  it  is  an  easy  matter  to  d&- 
tennine  the  motion  of  water  in  a  pump,  and  the  quantilj 
dlKharged,  resulting  from  the  action  of  any  force  on  the 
|uston,  or  the  force  which  must  be  apphed  to  the  pi*U»in 
order  to  produce  nny  required  motion  or  quantity  discba^ 
ed.  We  have  only  to  suppose  that  the  force  employaii*  1 
the  pressure  of  a  column  of  water  of  the  diameter  of  tbe  j 
working-barrel ;  and  this  is  o\'er  and  alwve  the  force  wliidi 
IB  necessary  for  merely  supporting  the  water  at  the  haght 
of  the  place  of  delivery.  The  motion  of  the  water  will  be 
the  same  in  both  cases. 

Let  us,  first  of  all,  connder  a  sticking-pump.  The  mo- 
tion here  de[>ends  on  the  pressure  of  the  air,  and  will  be 
the  same  as  if  the  pump  were  lying  horizontally,  and  com- 
municated with  a  reservoir,  in  which  is  a  head  of  water  suf- 
ficient to  overcome  all  tlie  obstructions  to  the  motion,  sihI 
produce  a  velocity  of  efBux  such  as  we  desire.  And  hee 
it  must  be  noted  that  there  is  a  limit.  No  velocity  of  the 
piston  can  make  the  water  rise  in  the  suction-pipe  with  s 
greater  velocity  than  what  would  be  produced  by  the  pets- 
sure  of  a  column  of  water  33  feet  high ;  that  is,  about  46 
feet  per  second. 

Let  the  velocity  of  the  pbt«i  be  V,  and  the  ares  of  the 
working-barrel  be  A.  Then,  if  the  water  fills  the  bairel  v 
fast  as  the  piston  is  drawt^  up,  the  discharge  daring  the 
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rifle  of  the  piston,  or  the  number  of  cubic  feet  of  water  per 
second,  must  be  =  YxA;  This  is  always  supposed,  and 
we  have  abreadj  ascertained  the  circumstances  which  en^ 
sure  this  to  hi^pen.  If,  therefore,  the  water  arrived  with 
perfect  freedom  to  the  piston,  the  force  necessary  for  giv- 
ing it  this  velocity,  or  for  discharging  the  quantity  VxA 
in  a  second,  would  be  equal  to  the  weight  of  the  pillar  of 

V* 
water  whose  height  is  — ,  and  base  A. 

It  does  not  appear  at  first  sight  that  the  force  necessary 
for  producing  this  discharge  has  any  thing  to  do  with  the 
obstructions  to  the  ascent  of  the  water  into  the  pump,  be« 
cause  this  is  produced  by  the  pressure  of  the  atmosphere, 
and  it  is  the  action  of  this  pressure  which  is  measured  by 
the  head  of  water  necessary  for  producing  the  internal  mo- 
tion in  the  pump.     But  we  must  always  recollect  that  the 
jnston,  before  brining  up  any  water,  and  supporting  it  at 
a  certain  height,  was  pressed  on  both  sides  by  the  atmo- 
sphere.    While  the  sir  supports  the  column  below  the  pi^ 
ton,  all  the  pressure  expended  in  this  support  is  abstracted 
from  its  pressure  on  the  under  part  of  the  piston,  while  its 
upper  part  still  supports  the  whole  pressure.     The  atmo- 
sphere continues  to  press  on  the  under  surface  of  the  pis- 
ton^ through  the  intermedium  of  the  water  in  the  suction- 
jnpe,  with  the  difference  of  these  two  forces.— -Now,  while 
the  piston  is  drawn  up  with  the  velocity  V,  more  of  the  at- 
mospheric pressure  must  be  expended  in  causing  the  water 
to  follow  the  pston ;  and  it  is  only  with  the  remainder  of  its 
whole  pressure  that  it  continues  to  pr^ss  on  the  under  sur« 
face  of  the  piston.     Therefore,  in  order  that  the  piston 
may  be  raised  with  the  velocity  V,  a  force  must  be  apjdied 
to  it,  over  and  above  the  force  necessary  for  merely  sup^ 
porting  the  column  of  water,  equal  to  that  part  of  the  at- 
mospheric pressure  thus  employed ;  that  is,  equal  tO'Che 
weight  of  the  head  of  water  necessary  for  forcing  the  water 
up  through  the  suction-pipe,  and  producing  the  velocity  V 
10  the  working-barrel. 


1 

let  (k  tB» 


Therefore  l«t  B  be  tlie  area  ot'  tlie  mouth  of'  th»i 
pipe,  and  C  the  srea  of  the  Gxed  valve,   and  let  (k  n» 
tkm-}^  be  of  equal  diameter  with   the  woriuDj4»aL 
Tbe  bead  necessary  for  produdo^  the  vektcity  V  on  te 

working-barre!  is  s—  {-m  +  ~pi  —  0-     If  d  expnss  the 

deiui^  of  water ;  that  i«,  if  d  be  the  number  of  pouiidi  in  ■ 

V= 
cubic  foot  of  watcFj  llieu  d  A  5—  will  express  the  weigk 

V 

of  a  column  whose  base  is  A,  and  height  = — ,  all  hdof 

reckoned  in  feet     Therefore  the  force  whicb  must  be  ^ 
plied,  when  estimated   in   pounds,  will  be  ^  ^  -3 — 

The  first  general  observation  to  be  made  ooi  what  fan 
been  said  is,  that  the  power  which  must  be  cwpkiyal  u 
produce  the  necessary  motion,  in  oppoulion  tuaJJ  theoli- 
atacles,  is  in  the  proportion  of  the  sfjuare  of  the  Tejoaij 
which  we  would  produce,  or  the  square  of  the  quuUit}  it 
water  we  would  discharge. 

We  have  hitherto  proceeded  on  the  luppoeition,  tbaf 
there  is  no  ctmtraction  of  the  jet  in  passing  through  these 
two  orificea.  This  we  know  would  be  very  far  Irnnt  tbe 
truth.  We  must  therefore  ac«ommodate  things  to  the« 
circumstances,  bjr  diminishing  B  and  C  in  the  ratio  cftbe 
(Wntcactioo,  and  calling  the  diminished  areas  6  and  c ,-  thea 
AdV*/A*      A*      ,\ 

What  thia  diminution  may  be,  depends  oa  the  form  of 
ibe  pwrta.  If  the  fixed  vetve,  and  the  entry  into  tbe  pump, 
are  simply  boles  in  thin  plates,  then  i  =  iVb  B  and  t  = 
M  C.  The  entiy  is  commonly  widened  or  trumpet-sbap' 
'  «di  which  dimini^es  greatly  the  contraction :  but  tboe 
are  other  obstacles  in  the  way,  aiising  from  the  atiaiiwr 
usually  put  round  it  to  keep  out  filttt     '{lie  valve  may 
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hare  its  oontraeftkm  greatly  dimimBhed  also  by  its  box  be- 
ing made  bdl-shaped  internally ;  nay^  eyen  giving  it  a  cy- 
lindrical hooLy  in  the  manner  of  Fig.  83.  is  better  than  no 
box  at  all,  as  in  Fig.  5. ;  for  such  a  cylindrical  box  mil 
have  the  unaccountable  effect  of  the  short  tube,  and  make 
&  =  M  B»  instead  of  xVs  B.  Thus  we  see  that  drcum- 
stances  seenungly  very  trifling  may  produce  great  effects 
in  the  performance  of  a  pump.  We  should  have  observed 
that  the  valve  itself  presents  an  obstacle  which  diminishes 
the  motion,  and  requires  an  increase  of  power ;  and  it 
would  seem  that  in  this  respect  the  clack  or  butterfly-valve 
is  preferable  to  the  button-valve. 

Example.  Suppose  the  velocity  of  the  piston  to  be  2 
feet  or  24  inches  per  second,  and  that  the  two  contracted 
areas  are  each  ith  of  the  area  of  the  pump,  which  is  not 
much  less  than  what  obtains  in  ordinary  pumps.  Wc  have 

^(-^  +  -?— 1}=  at  (25  +  25-1)  =  86,75 

inches,  and  the  force  which  we  must  add  to  what  will 
merely  support  the  column  is  the  weight  of  a  pillar  of  wa- 
ter incumbent  on  the  piston,  and  something  more  dmft 
three  feet  high.  This  would  be  a  sensible  portion  of  the 
whole  force  in  raidn^  water  to  small  heights. 

We  have  supposed  the  suction-ppe  to  be  of  the  saxne 
diameter  ^th  the  working-barrel ;  but  it  is  usual  to  make 
it  of  smaller  diameter,  generally  equal  to  the  water-way  of 
the  fixed  valve.  This  makes  a  considerable  change  in  the 
force  necessary  to  be  apphed  to  the  piston.  Let  a  be  tiie 
area  of  the  suction-pipe,  the  area  of  the  entry  being  still 
B ;  and  the  equivalent  entry  without  contraction  being  still 

AV 

bp  we  have  the  velocity  at  the  entrance  =  —jr~9  a^^  ^ 

A*V* 

producing  bead  of  water  =  -^ — jj-.    After  this  the  veloci- 

AV 

ty  is  cbauy^  to  in  the  suction-pipe,  with  which  the 
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wmar  flRifiet  ift  the  ndve»  wbni  it  ii  4f;nii 
^^'  iuid  requires  (or  this  dumge  'a  Iwad  of  water  eg«3 


. .  I . 


to  a  '^.    ButtfaeTdodtyretahiedmtlie  SQCtioiifqpea 

A*  V* 

eqiuvalent  to.theisBectofaheBdofwater -g 3%   T1k» 

fan  the  bead  ncceflaary  for  producing  such  a  cmmtf 
through  the  fixed  valve^  thai  the  water  maj  toOaw  tfe.pi^ 

'A  V*       A'V*    '  A'V 
too  with  the  velocity  V,  is  ^-^  +  -^^— _y,cr 

V*  /A*      A*      A*\ 

=  ^l"X  +  "3 — ?y'     '''^'^^  ^  evidentlj  le«  than 

A* 

before,  because  a  is  lesft  than  A,  and  therefore  -7  is  great- 

er  than  unity,  which  was  the  last  term  of  the  former  fiinnnhL 
There  is  some  advantage,  therefore,  derived  fimn  making 
the  diameter  of  the  sucrioiw[npe  less  than  that  of  the  worfc- 
ing-barrel :  but  this  is  only  because  the  passage  of  the 
fixed  valve  is  smaller,  and  the  inspection  of  the  fixrmula 
plainly  points  out  that  the  area  of  the  suction-pipe  should 
be  equal  to  that  of  the  fixed  valve.  When  it  is  larger,  the 
water  must  be  accelerated  in  its  passage  through  the  valve ; 
which  is  an  useless  expense  of  force,  because  this  velocity 
is  to  be  immediately  reduced  to  V  in  the  working-barrel 
If  the  foregoing  example  be  computed  with  a  equal  to  one- 
fourth  of  A,  we  shall  find  the  head  H  equal  to  29  inches 
instead  of  37. 

But  this  advantage  of  a  smaller  suction-pipe  is  in  all 
cases  very  moderate ;  and  the  pump  is  always  inferior  to 
one  of  uniform  dimensions  throughout,  having  the  orifice 
at  the  fixed  valve  of  the  same  area.  And  if  these  orifices 
are  considerably  diminished  in  any  proportion,  the  head 
necessary  for  overcoming  the  obstacles,  so  that  the  required 
velocity  V  may  still  be  produced  in  the  working-barrel,  is 
greatly  increased.     If  we  suppose  the  area  a  one-ninth  of 
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A»  which  is  jBrequently  done  in  hoiue-pumps,  wheie  the 
diameter  of  the  suctioKh^jnpe  does  seldom  exceed  one-third 
of  that  of  the  workii^g-barrel ;  and  suppose  every  thing 
made  in  proportion  to  this,  which  is  also  usual,  because  the 
unskilled  pump-makers  study  a  symmetry  which  satisfies 
the  eye ;  we  shall  find  that  the  pump  taken  as  an  example 
will  require  a  bead  of  water  =  13  feet  and  upwards.  Be- 
sides, it  must  be  observed,  that  the  frictioa  of  the  suctioiu 
pipe  itself  has  not  been  taken  into  the  account.  This  alone 
is  greater,  in  most  cases,  than  all  the  obstructions  we  have 
been  tpeaking  of;  for  if  this  pipe  is  three  inches  diameter, 
and  that  of  the  working-barrel  is  six,  which  is  reckoned  a 
fiberal  allowance  for  a  suction-pipe,  and  if  the  fixed  valve 
is  25  feet  above  the  surface  of  the  pit- water,  the  friction 
of  this  pipe  will  amount  to  one-third  of  the  whole  propelling 
force. 

Thus  we  have  enabled  the  reader  to  ascertain  the  force 
necessary  for  producing  any  required  discharge  of  water 
firom  a  pump  of  known  dimensions ;  and  the  converse  of 
this  determination  gives  us  the  discharge  which  will  be 

A*         .     . 

—fy  (which  b  a  known  quantity  resulting  from  the  dimen- 

V* 

sions  of  the  pump)  =  M,  we  have  H  =  5—  M,  and  V= 

-|jr-,  and  V  =    / -^.  Now  H  is  that  part  of  the  natural 

power  which  we  have  at  command,  which  exceeds  what  is 
necessary  for  merely  supportjpg  the  column  of  water.  Thu% 
if  we  have  a  pump  whose  piston  has  an  area  of  ith  of  a  square 
foot,  its  diameter  being  6}  inches ;  and  we  have  to  raise 
the  water  32  feet,  and  can  apply  a  power  of  525  pounds  to 
the  jnston ;  we  wish  to  know  at  what  rate  the  piston  will 
be  moved,  and  the  quantity  of  water  discharged  ?  Mere- 
ly to  support  the  column  of.  water  of  this  height  and  dia- 


i|B  nmr. 


V  im«Ni  MO  fouHbb  *  Tbiwfcm  thg 

ii  the  vvigkt  of -•  coiuflHi  <mi»  fni;  finr  ih^m  t^ljl^  «4 

Ha*  1.888 Cml    Tiii im inmMW thu liimMiiiT rfti»— 

tioii-ppe  I  of  that  (^the  woriuiq^Jbiii^  80  diak  '-^^i. 
We  mqr  xvpoi^  atex6Bated  iadM  fan! 

tkm  of  the  ptcper  thtodiaidL    The  eontnctei  at  Ihrpn 

trjr  may  therefore  be  oooddered  as  nothing,  and  -j*—^ 

A* 
and  -p-^lflL    We  may  also  suppose  the  orifice  of  die 

fined  Talve  equal  lo  the  aiea  of  the  8uctiaii-|%i^  so  tfist 
^-7^  \b  also  =  16,  and  there  is  no  contractkn  here;  and 

A*  A* 

therefore  -pp  is  also  16.     And,  lasdy,  --t-  ia  also  16L 

Therefore  ^  +  ^— ^  or  M,  =  16  +  16  —  16, 


=  ^64rX^333^  ^  2^g^^  ^^^^  ^^  ^^  pj^^^  ^ 

move  with  the  velocity  of  two  feet  four  inches  nearly.  lu 
velocity  will  be  less  than  this,  on  account  both  of  the  irio. 
tion  of  the  jHston  and  the  friction  of  the  water  in  the  sne- 
tion-pipe.  These  two  circumstances  will  probably  reduce 
it  to  one  foot  eight  inches ;  and  it  can  hardly  be  less  than 
this. 

We  have  taken  no  notice  of  the  friction  of  the  water  in 
the  working-barrel,  or  in  the  space  above  the  piston,  he- 
cause  it  is  in  all  cases  quite  insignificant.  The  longetf 
pipes  employed  in  our  deep  mines  do  not  require  more  than 
a  few  inches  of  head  to  overcome  it. 

But  there  is  another  circumstance  which  must  not  be 
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omittod.  TIus  is  the  reristance  given  to  the  piston  in  its 
descent  The  pistons  of  an  engine  for  drawing  water  from 
dtep  jouaeB  most  descend  again  by  their  own  weight  in  or- 
der to  repeat  tbeff  stroke.  This  must  require  a  prepon- 
deranoe  on  that  aid  of  the  working-beam  to  whidi  they  are 
attadhedi  and  this  must  be  OTeroome  by  the  moving  power 
during  the  cffifctiye  stroke.  It  makes,  therefore,  part  of 
the  whde  work  to  be  done,  and  must  be  added  to  the 
weight  of  the  oohimn  of  water  which  mu^t  be  raised. 

This  is  very  eaaly  ascertained.  Let  the  velocity  of  the 
piston  in  its  descent  be  V,  the  area  of  the  pump-barrel  A, 
and  the  area  of  the  piston-valve  a.  It  is  evident,  that  while 
the  pbton  descends  with  the  velocity  V,  the  water  which  is 
di^laced  by  the  piston  in  a  second  is  (A — a)  V.  This 
must  pass  through  the  hole  of  the  piston,  in  order  to  oc- 
cupy the  space  above,  which  is  left  by  the  jnston.  If  there 
were  no  contraction,  the  water  would  go  through  with  the 

velocity V  ;  but  as  there  will  always  be  some  con- 
traction, let  the  diminished  area  of  the  hole  (to  be  discover- 
ed by  experiment)  he  b;   the  velocity  th^efore  will  be 

This  requires  for  its  production  a  head  of 

V*  /  A— a\ 

water  q-  I  — j-  1      This  is  the  height  of  a  column  of 

water  whose  base  is  not  A  but  A-— a.  Calling  the  density 
of  water  d,  we  have  for  the  weight  of  this  column,  and  the 

force;? IS  d x  A— a  x  ^— ft"  J  ^2g' fg^ 

This  we  see  again  is  pn^rtional  to  the  square  of  the  ve- 
locity of  the  piston  in  its  descent,  and  has  no  relation  to 
the  height  to  which  the  water  is  raised. 

If  the  piston  has  a  button-valve,  its  surface  is  at  least 
equal  to  a;  and  therefore  the  pressure  is  exerted  <m  the 
water  by  the  whole  surface  of  the  juston.     In  this  case  we 


f 
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shall  have;*  —  g'  ■  j  conaderably  greater  duo  htat 
We  cannot  ascertaiQ  Uus  value  with  ^reat  preooos  bf- 
awx  it  is  extremely  dii&cult,  if  possible,  to  deternnitdk 
resistance  ia  so  couiplicsted  a  case.  Hut  tlie  fonnbB 
cicacl,  il'  6  can  be  given  exactly  ;  and  we  know  >iihia  WJ 
tooderate  limits  wtiat  it  may  amount  to.  In  s  pumped tk 
very  best  construction,  with  a  button-valve,  h  canunt  a- 

ceed  one-half  of  A  ;  and  therefore  -j^  cannot  be  less  lliiii 
V'A 


8.      In  this  caae,  -g    .7  wiU  be   — ^'     In  a  goal  si 


engine  pump  V  is  about  three  feet  per  second,  and  -j" 

about  li  feet,  which  is  but  a  small  matter. 

We  have  hitherto  been  considering  the  suckin^fUtDp 
alone :  but  the  forcing-pump  is  of  more  importaoce,  ud 
apparently  more  difficult  of  investigation— Here  we  hue 
to  overcome  the  obstructions  in  iMig  pipes,  with  ouay 
bends,  contracUons,  and  other  obstructions.  Boi  the  cod- 
ad^mtioD  k£  what  relates  merely  to  the  pump  is  sbundMA- 
ly  simple.  In  most  cases  v/e  have  only  to  force  the  ma 
into  an  air-vessel,  in  oppo^tion  to  the  elasticity  of  the  ui 
compressed  in  it,  and  to  send  it  thither  with  a  ccrt^  veto- 
rity,  regulated  by  the  quantity  of  water  discharged  in  ■ 
{pveD  time.  The  elasticity  of  the  w  in  the  air-vesiel  pio- 
pels  it  along  the  Jfom.  We  are  not  now  speaking  of  At 
force  necewary  for  counterbalancing  this  pressure  of  Ae 
ur  in  the  mr-vesBel,  nAtcA  is  egmvaitnt  to  aU  Ou  nM- 
fuent  obatrvctions,  but  only  of  the  force  neceesory  fat  (IR>- 
pelltng  the  water  out  of  the  pump  with  the  proper  veloeitf- 

We  have  in  a  manner  determined  this  already.  Tk 
piston  is  solid,  and  the  water  which  it  forces  has  to  {*» 
through  a  valve  in  the  lateral  [npe,  and  then  to  move  in  cbt 
direction  of  the  Main.  The  change  of  direction  requim 
an  additicHi  of  force  to  what  is  necessary  for  mcrdyio- 
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peUiDg  the  water  through  the  valve.  Its  quantity  is  not 
eanly  detennined  by  any  theory,  and  it  varies  according  to 
the  abruptness  of  the  turn.  It  appears  from  experiment, 
that  when  a  pipe  is  bent  to  a  right  angle,  without  any  cur- 
vature  or  rounding,  the  velocity  is  diminished  about  ^» 
This  would  augment  the  head  of  water  about  i.  This 
Hiay  be  added  to  the  contraction  of  the  valveJiole.  Let  c 
be  its  natural  area,  and  whatever  is  the  contraction  com- 
petent to  its  form  increase  it  Vi,  and  call  the  contracted  area 

V*A*. 

c.    Then   this   will   require  a  head  of   water  =  a     *' 

This  must  be  added  to  the  head  5-,  necessary  for  merely 

^ving  the  velocity  V  to  the  water.     Therefore  the  whole 

V  /A*       \ 

is  ^  ( -^  "^"  ^  y  »  *"^  ^^®  power  p  necessary  for   this 

purpose  IS  -^  ^-^  +  1  j. 

It  cannot  escape  the  observation  of  the  reader,  that  in  all 
these  formulae,  expressing  the  height  of  the  column  of  wa- 
ter which  would  produce  the  velocity  V  in  the  working, 
barrel  of  the  pump,  the  quantity  which  multiplies  the  con- 

dAV* 
stant  factor—^ —    depends  on  the  contracted  passages 

which  are  in  different  parts  of  the  pump,  and  increases  in 
the  duplicate  proportion  of  the  sum  of  those  contractions. 
It  is  therefore  of  the  utmost  consequence  to  av(nd  all  such, 
and  to  make  the  Main  which  leads  from  the  forcing-pump 
equal  to  the  working-barrel.  If  it  be  only  of  half  the  dia- 
meter, it  has  but  one-fourth  of  the  area,  the  velocity  in  the 
Main  is  four  times  greater  than  that  of  the  piston,  and  the 
force  necessary  for  discharging  the  same  quantity  of  water 
is  16  times  greater. 

It  is  not,  however,  possible  to  avoid  these  contractions 
altogether,  without  making  the  main  pipe  wider  than  the 
barrel.    For  if  only  so  wide,  with  an  entry  of  the  same 

1 


I 


i^a^^w 


706  Tom. 


m.    UhUiI 


air,  tli«  vatve  tiiahci  a  eooudcrable  obstruction.  UhUI  I 
Tut  enginecTS  endieatonr  to  obmte  this  by  makmg  m  ^  . 
lorgement  in  diat  part  of  the  Main  whioh  oonuimiNJ 
valve.  This  is  seen  in  Pig.  14i.  at  the  valve  L.  U  Utt] 
be  not  done  with  great  judgment,  it  will  increasedKi^ 
slnictions.  For  if  this  ealai^^ement  is  full  of  water,  itK 
water  muat  move  in  the  direction  of  its  axis  with  a  6si* 
nished  velocity ;  and  when  it  comes  into  the  main,  it  rnitf 
skgain  be  acceleialed.  In  short,  any  abrupt  eflkigmtf 
which  is  to  be  aAerwards contracted, does  as  much  hairaa 
a  extraction,  unless  it  be  so  short  that  the  wiUr  in  Ac 
axis  keeps  its  velocity  till  it  reaches  the  cxintraotioD-  ^^ 
thing  would  do  more  service  to  an  art^  who  a  not  «i 
founded  in  the  theory  of  hydrodynamics,  than  to  ndn  ■ 
few  simple  and  cheap  experiments  with  a  vessel  like  tint 
<^  Fig.  97.  Let  the  horizontal  jnpe  be  about  three  i«*a 
diameter,  and  mode  in  joints  which  can  be  added  la  eick 
oUier.  Let  the  joints  be  about  six  inches  long,  tnd  the 
holes  from  one-fourth  to  a  whole  inch  in  diameter.  RU 
the  vessel  with  water,  and  obaerve  the  time  of  it*  anliiog 
three  or  four  inches,  Eo'-h  joint  should  have  a  snail  hole 
in  its  upper  ade  to  let  out  the  air ;  and  when  the  mts 
runs  out  by  it,  let  it  be  (tqiped  by  a  peg.  Hewill«elhit 
the  larger  the  pipe  is  in  proportion  to  the  orifices  made  ia 
the  partitions,  the  efflux  is  more  diminuhed.  We  befine 
that  no  person  would  suspect  this  who  has  not  conadered 
the  subject  minutely. 

All  angular  enlargements,  all  boxes,  into  which  the  ppa 
from  different  working-barrels,  unite  their  water  before  it 
goes  into  a  Miun,  must  therefore  be  avmded  by  an  artirt 
who  would  execute  a  good  machine;  and  the  different 
contractions  which  are  unavoidable  at  the  seats  of  vatm 
and  the  perforations  of  pistons,  &c.  should  be  diminifiKd 
by  ^ving  the  parts  a  trumpet-shape- 
in  the  air-vessels  represented  in  Fig-  13.  this  is  of  veiy 
great  consequence.  The  throat  O,  through  which  thcwa- 
7 
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tor  IS  ftroed  bj  the  cxpanskm  of  the  confiiied  air,  should 
ahmjB  be  formed  in  this  manner.  For  it  is  this  which 
pKodttoes  the  motkm  during  the  returmng  part  of  the  stroke 
im  the  pump  oomtructed  like  Fig.  13.  No  1.  and  during 
the  whole  stroke  in  No  8.  Nej^ecting  this  seemingly 
trifling  circumitanoe  will  diminish  the  performance  at  least 
one^fth.  Ths  eonstructioa  of  No  1.  is  the  best,  for  it  is 
hardly  pos«hla  to  make  the  passage  <^  the  other  so  free 
ham  the  effects  of  eontraction.  The  motion  of  the  water 
during  the  rstoining  stroke  is  very  much  contorted. 

There  is  one  circumstance  that  we  have  not  taken  any 
notice  of,  Tia.  the  gradual  acceleration  of  the  motion  of 
WBtor  in  pumps.  When  a  force  is  applied  to  the  pbton, 
it  does  not  in  an  instant  communicate  all  the  velocity 
which  it  acquires.  It  acts  as  gravity  acts  on  heavy  bodies; 
and  if  the  resistances  remained  the  same,  it  would  produce, 
fike  gravity,  an  uniformly  accelerated  moticm.  But. we 
have  seen  that  the  resistances  (which  are  always  measured 
fay  the  force  which  just  overcomes  them)  increase  as  the 
square  €if  the  vekidty  increases.  They  therefore  quickly 
balance  the  action  of  the  moving  power,  and  the  motion 
becomes  unifonn,  in  a  time  so  short  that  we  commit  no  er- 
ror  of  any  consequeiice  by  supposing  it  uniform  from  the 
beginning.  It  would  have  prodigiously  embarrassed  our 
investigatioos  to  have  introduced  tliis  circumstanoe ;  and 
it  is  a  matter  of  mere  speculative  curiosity:  for  most  of 
our  moving  powen  are  unequal  in  their  exertions,  and 
these  exerticms  are  regulated  by  other  laws.  The  pressure 
on  a  piston  moved  by  a  crank  is  as  variable  as  its  velocity, 
and  in  most  cases  is  nearly  in  the  inverse  proportion  of  its 
velocity,  as  any  mechanidan  will  readily  discover.  The 
only  case  in  whidi  we  could  consider  this  matter  with  any 
degree  of  comprehensilnlity  is  that  of  a  steam-engine,  or  of 
a  piston  which  forces  by  means  of  a  weight  lying  on  it 
In  both,  the  velocity  becomes  uniform  in  a  very  small  frac 
tion  of  a  second. 
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We  hive  been  very  minute  on  this  flufajed)  fall 
thou^i  it  is  Hie  only  view  of  a  pump  which  i»  of  «r  i» 
portance,  it  is  hardly  cTcr  understood  even  by  pfdnnrf 
engineers.  And  Uiis  is  not  peculiar  to  hydraubc^  taa  ii 
M«n  in  all  the  branches  of  practical  mechanics.  Tlitd^ 
mentary  knowledge  to  be  met  with  in  such  boob  n« 
geoer^ly  perused  by  them,  goes  no  Tarther  than  m  ** 
the  forces  which  are  in  equilibrio  by  the  tnteircotioB  d* 
coachtDe,  or  the  proportion  of  the  parts  of  a  mtduK 
which  will  set  two  known  forces  in  equilibrio.  6ul  <r)iai 
this  equilibrium  is  destroyed  by  the  superiority  of  owol 
the  forces,  the  madiine  must  move  ;  and  the  only  inteie*- 
ing  question  is,  what  will  be  tfie  motion  ?  Till  this  is  »■ 
Bwered  with  some  precision,  we  have  learned  Dothin^  rf 
any  importance.  Few  engineers  are  able  to  antwtf  (^ 
question  even  in  the  simplest  cases ;  and  they  canniri,  lim 
any  confident  science,  say  what  will  be  the  perlonBUtt of 
an  untried  machine.  They  guess  at  it  with  a  sucobk  pov 
portioned  to  the  multiplicity  oi  their  experience  and  Aat 
own  sagacity.  Yet  this  part  of  mechanics  is  as  suKeplible 
of  accurate  computation  as  the  cases  of  equihbniun.  We 
therefore  thought  it  our  duty  to  point  out  the  mamKr  of 
proceeding  so  circumstanLially,  that  every  step  should  be 
plain  and  easy,  and  that  canviclion  should  always  arcoca- 
pany  our  progress.  This  we  think  it  has  been  in  «if 
power  to  do,  by  the  very  simple  method  of  subatiluling  * 
column  of  water  acting  by  its  weight  in  lieu  of  any  oatitnl 
power  which  we  may  chance  lo  employ. 

To  such  as  wish  to  prosecute  the  study  of  this  import- 
ant part  of  hydraulics  in  its  most  abstruse  parts,  we  reon- 
mcnd  the  perusal  of  the  dissertations  of  Pitot  and  Bossut, 
in  tlie  Memoirs  of  the  Academy  of  Paris ;  also  the  di-«T- 
Utlms  of  the  Chevalier  de  la  Borda,  1766  and  1767 ;  il» 
the  Hydraulique  oTthe  Clievalier  de  Buat. 
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